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issue of ELECTRICAL ENGINEERING.) 


R. M. STANLEY (F ’28) in collabora- 
tion with C, T. Sinclair (M ’29) describes 
the application of the network idea to 
medium- and low-load areas in the 
vicinity of Pittsburgh. (See page 400.) 


Saas SHOCKS which do not 
involve the brain, respiratory nerves, or 
spinal cord seldom jeopardize life in 
animal organisms according to experi- 
mental findings discussed by W. B. 


Kouwenhoven (M ’22) and O. R. Lang- 
worthy of Johns Hopkins University, 
Baltimore. (See page 406.) 


ES: DEAN ADAMS, Associate 
of the Institute, Edison Pioneer, and 
energetic leader in engineering, financial, 
and philanthropic undertakings answers 
the Last Call, largely as a result of a recent 
automobile accident. (See page 452.) 


Satreane HOSPITALITY and the 
beauties of the Carolina mountains, often 
extolled by President Lee, should com- 
bine to attract many to the Institute’s 
summer convention at the Grove Park 
Inn, Asheville, N. C. Incidentally there 
is offered a splendid technical program 
and, of course, the annual Mershon 
Trophy golf tournament. (See page 
440.) 


Barwees SYMPOSIA on noise and 
on lightning, the Rochester, N. Y., meet- 
ing of the North Eastern District enjoyed 
rather an animated program. In this 
issue there may be found a complete news 
story of the meeting and also a summary 
of some of the more pertinent discussions. 
(See pages 441 and 446.) 


Cae cooperative attack upon 
the central problems presented in present 
noise studies and investigations is being 
sought as an inter-society activity. Dele- 
gates attending a special joint meeting at 
Rochester, N. Y., attempted to reach 
common ground and succeeded in agree- 
ing upon a statement of three funda- 
mental questions. (See page 443.) 


E visow BUST was presented May 7 
to the German Museum at Munich with 
fitting ceremony. (See page 446.) 


Picnic COAST convention com- 
mittee has arranged for extension of 
special rates at Tahoe Tavern, Lake 
Tahoe, California, as an aid to those who 
will spend their vacation there in con- 
nection with the convention. (See page 


449.) 


D.. CHARLES F. SCOTT, past- 
president of the Institute and long-time 
head of the electrical engineering depart- 
ment of Yale University, New Haven, 
Conn., is planning to retire. R. E. 
Doherty, formerly G. E. consulting engi- 
neer, has been appointed as his associate; 
will sueceed him upon his retirement. 
(See page 460.) 


Sa. participated actively in 
the Rochester, N. Y., district meeting; 
presented several interesting papers. 
(See page 444.) 


FUTURE MEETINGS 


of the 


American Institute of Electrical Engineers 


Place Dates 


Asheville, N. C. June 22-26, 1931 


Lake Tahoe, Calif. Aug. 25-28, 1931 
Kansas City, Mo. Oct. 22-24, 1931 


New York, N. Y. Jan. 25-29, 1932 


Milwaukee, Wis. 
May - 


Providence, R. I. 1932 


March 14-16, 1932 


Latest Date for 


Nature Receipt of 
Manuscripts 

Summer (Closed) 
Convention 
Pacific Coast 
Convention (Closed) 
District 

Meeting July 22, 1931 
Winter 

Convention Oct: 26, 1931 
Heri Dec. 14, 1931 
District 

Meeting Feb. 11932 


NOTE: Members who are contemplating submitting papers for presentation at any of the above meetings 
should communicate promptly with Institute headquarters, 33 West 39th Street, New -York, N. Y., so that 
their papers may be docketed for consideration by the Meetings and Papers Committee, as programs for all 


meetings are formulated several months in advance. 


Upon receipt of this notification, Institute headquarters 


will mail to each prospective author information in regard to the Institute’s rules relating to the preparation 


of manuscript and illustrations. 


MEETINGS OF OTHER SOCIETIES 


NATIONAL ELECTRIC LIGHT ASSOCIATION, annual 
convention, Atlantic City, (A. J. Marshall, 420 Lexington Ave., 
New York) June 8-12, 1931. 


SOCIETY OF AUTOMOTIVE ENGINEERS, summer meet- 
ing, White Sulphur Springs, W. Va., June 14-19, 1931. 


ASSOCIATION OF IRON AND STEEL ELECTRICAL 
ENGINEERS, Cleveland, Ohio, (J. F. Kelly, Empire Bldg., 
Pittsburgh, Pa.) June 15-19, 1931 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT 
OF SCIENCE, summer convention, Pasadena, Calif., (Chas. F. 
Roos, Secy., Smithsonian Institute, Washington, D. C.) June 
15-20, 1931. 


NORTHWEST ELECTRIC LIGHT AND POWER ASSOCI- 
ATION, (annual convention, cancelled by action of Executive 
Committee, Portland, Ore., April 10, 1931). 


INTERNATIONAL CONFERENCE ON LARGE HIGH- 
TENSION ELECTRIC SYSTEMS, Paris, France, (Dr. C. O. 
Mailloux, 111 Fifth Avenue, New York, N. Y.) June 18-27, 1931. 


AMERICAN SOCIETY FOR TESTING MATERIALS, 
annual meeting, The Stevens Hotel, Chicago, (C. L. Warwick, 
Secy., 1315 Spruce St., Philadelphia, Pa.) June 22-26, 1931. 


PACIFIC COAST ELECTRICAL ASSOCIATION, annual 
convention, Del Monte, Calif., (K. I. Dazey, 447 Sutter Street, 
San Francisco, Calif.) June 24-27, 1931. 


ROCKY MOUNTAIN DIVISION N. E. L. A., annual con- 
vention, Stanley Hotel, Estes Park, Colo., Sept. 2-4, 1931. 


ILLUMINATING ENGINEERING SOCIETY, annual con- 
vention, Pittsburgh, Pa., October 13-16, 1931. 


The Primary Network 
for Medium-Load Areas 


As a result of the noteworthy economic and 
operating success of the secondary a-c. net- 
work the same principle now is proposed for 
relatively high-voltage primary systems. 

_ Based upon economic studies of two Pitts- 
burgh residential areas one primary network 
now is under construction there and a 
second all planned. Major details involved 
are given here and ten distinct advantages 
are enumerated. 


By 

R. M. STANLEY Byllesby Engineering & 
Fellow A. I.E. EB Management Corporation 
C. T. SINCLAIR Byllesby Engineering & 


Member A. I. E. E. Management Corporation 


A NETWORK may be said to exist 
wherever the secondaries of two or more transformer 
banks not at the same location are connected in parallel 
to supply acommon load. This definition is applicable 
to either high- or low-voltage systems. In this discus- 
sion a new design of primary network is considered 
which combines the principle of interconnecting 4-kv. 
mains and certain principles common to the design of 
secondary network, and which is fed directly at load- 
transmission voltage. 

Generally speaking, the comparable characteristics 
of the older radial primary distribution system and the 
new primary network are as revealed in Fig. 1 and in 
Table I. 


TABLE I—ELEMENTS OF A PRIMARY SYSTEM 


Radial Network 

1. Transmission feeders from source 
of supply to substation 

2. The transformers and switches 

3. The primary mains 


1, Transmission feeders from source 
of supply to substation 

. Thesubstation 

. The distribution feeders 

. The mains 


WS 


From these it may be seen that the elements of the 
two systems are the same except for the elimination of 
primary feeders in the network design—an important 


From ‘‘The Primary Network,” (No. 31-55) presented at the A. I. E. BE. 
Middle Eastern District meeting, Pittsburgh, March 11-13, 1931. 
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item, but only one of several which permit a saving in 
initial cost as compared with the radial system. 

In the typical radial system (Fig. 1) the substation 
is located of course as nearly as possible at the center of 
the expected load and each feeder terminates at its 
approximate load center. In the typical primary 
network of Fig. 1 the transformer capacity required for 
the entire area is distributed, each transformer at an 
intersection of primary mains and each intersection 
group constituting a unit, including regulators on 
transformer secondaries where and if required. Similar 
to the principle of secondary networks, it is desirable 
that the transmission supply to a given area comprise 
three or more feeders in order to reduce the spare ca- 
pacity required to accommodate the possible loss of a 
feeder. 


Feeder Points 


Substation - Stepping 


Down to 4 Kv. are 


115 V 
Service 


Transformers Connected at 
Strategic Points of Mains 


Feeders from Source 
of Supply 


Feeders (4 Kv.) 


Primary Laterals 
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Sectionalizing 


Breaker / 


Distribution Voltage 
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Fig. 1. Comparative schematic diagrams of typical 
radial system (above) and primary network system 
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Diagram of mains for primary network showing 
distributed transformer points 


Fig. 2. Radial versus network system for an area having a load density of 2,100 kva. per sq. mi. 


COMPARATIVE Cost ESTIMATES FOR AREA OF 2,100 
KVA. PER SQ. MI. 


To secure practical working data revealing the actual 
relative economies of the two systems, two different 
areas in the Pittsburgh district were studied exhaus- 
tively. Load growth in both areas required early 
attention to increased distribution capacity, and these 
comparative studies involved consideration of existing 
facilities as well as required extensions. 

The initial study covered a residential section known 
as Squirrel Hill, which includes a few apartment houses 
and a small business district but no industrial load of 
any character. The area embraces about two square 
miles, has a winter peak load of some 4,200 kva., and a 
load density of 2,100 kva. per sq. mi. At present this 
area is fed by circuits from two adjacent areas; it was 
chosen for the initial economic study because (1) it had 
relatively definite boundaries and no existing substation 
and (2) load growth indicated the early necessity of 
extending the radial system materially or adopting a 
new system. (See Fig. 2.) 

Estimates for extension of the radial system are based 
upon standard practise in the Pittsburgh district. The 
necessary substation proposed is a semi-outdoor 22/4- 
kv. full-automatic type similar to others on the Du- 
quesne Light Company system. Its proposed location 
was chosen as the result of an economic study of the 
sites permitted by zoning ordinances, and is reasonably 
near the expected load center of the area. Initial 
installation would consist of two 4,000-kva. transformer 
banks, a 22-kv. tie breaker, three 300-ampere 4-kv. 
regulated feeders, and related equipment. The build- 
ing would provide space for an ultimate of two 
6,000-kva. transformer banks and five feeders. 

The primary network includes exactly the same area 
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and supply from the existing transmission feeders. 
Transformer and switching units contemplated are the 
submergible type planned for installation in street 
vaults. The transformers are 1,500-kva. 22/4-kv. 
three-phase units with four 2.5 per cent taps be- 
low 22-kv. and two similar taps above, and with a 
three-position disconnecting and grounding switch on 
the 22-kv. side. The transformer oil circuit breaker is 
integral with the transformer and comprises a 7.5-kv. 
600-ampere unit rated at 14,000 amperes rupturing 
capacity at 4 kv., 2-OCO. The tie main breakers are 
similar and they will be arranged to reclose once on a 
fault, the breakers at each end of a faulty section closing 
at different times to provide the equivalent of two re- 
closings. Lead-covered cable is figured in for all 4-kv. 
work in the vaults and also duct connections between 
existing manholes and the proposed transformer vaults. 
Cables are planned to run in pipe from the vaults to 
the several poles at the related intersection, terminating 
there in disconnecting potheads. 

Both the primary network and the radial plans pro- 
vide for an operating capacity of 7,500 kva. Primary 
feeder and duct costs are common to both plans; hence 
were omitted from the comparison. Relative costs of 
the two plans as outlined are given in Table II where it 
may be noted that extension of the radial system will 
cost 78 per cent more than a change over to the primary 
network plan. The inherently better voltage regula- 
tion of the network is expected to obviate the necessity 
for regulators. 


COMPARATIVE Cost ESTIMATE FOR ARBA OF 425 Kva. 
PER SQ. MI. 


The Verona-Oakmont area was the second to be 
studied to determine the relative economies of the radial 
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versus the primary network system. In spite of the 
fact that the area embraces a total of 4.7 sq. mi. with a 
total load of only 2,000 kva., or a load density of some 
425 kva. per sq. mi., the economies figured out so pre- 
dominantly in favor of the network that the proposed 
substation was abandoned and the area converted to a 
4-kv. primary network. The network construction is 
rapidly nearing completion. Also the area in question 
is of a residential character, with a light commercial 
load now served at 2.3 kv. 


TABLE II—COST COMPARISONS FOR AREA OF 2,100 KVA. 


PER SQ. MI. 
Radial | Network 
Initial Step 
TOAC Me erie eet Fae A. eee Ee ee ae: 4,200 kva....4,200 kva. 
Transformer capacity installed................. 8,000 kva....9,000 kva. 
Transformer capacity with spare capacity out of 
SCHVICOM seg MOET IAS PPARs. Hen tet ae 5,000 kva....7,500 kva. 


Costs in per cent 


Realieshater cee enna Seen, a ereery kT) yc eee tes USRORe eee 0.0 
DSUDStALIONS amen twat mre ee hoes ee RAI ae 210: 26.7 
lectricalkequipmentry eas. oe sede . See oe els OTOL 56.0 
PLTANSUAISSIONMS hae RRMA ae Tee ee nee Nini) lee ITSO ASE Ruse 41359 
IDiScribUtion meee te Met n ee At MPN eevee SSD eer 3.4 
DUCTS ise ame Men cs Set re ee a Me, Tike fare keg APL re ate 10.8 
Changes in 4-ky. feedersand mains................ OO, ee ake a! 
Locahinitial' Step se awn 4. a. ornate ee SISIO) FIBA A ee 6 100 


1203.0 = eter pak Arcs baer tke Mates, Co ri elk 8.) 7,500 kva...7,500 kva. 
Transformer capacity installed................. 12,000 kva...9,000 kva. 
Transformer capacity with spare capacity out of 

SOLVICC ste nee rete er Ut tat a Acne n |, tie ea Acuna 7,500 kva...7,500 kva. 


Costs in per cent 


Supstationincreasea.; ta. eas cee ee ee 2820 cae ae 0.0 
IONS DORAL THIEME. « bo ae eno cb eaeebaaanohoone 20 4DG nee 0.0 
BU OtaSCCONGISLOD: + fim Mo ai cet akon ica ee U7 S28 eyes ase 100 


Note: Radial system (initial step) will have two 4,000-kva., three-phase, 
transformers. With one out of service, the other will carry 25 per cent 
overload through peak or 5,000 kva., which is satisfactory for initial step 
and allowing for growth. 

Network will have six 1,500-kva., three-phase banks and when one 
transmission line goes out, two 1,500 kva., banks go out also, leaving 
6,000 kva. in service which, with 25 per cent overload capacity, gives 
7,500 kva., capacity to carry 4,200 kva. initial load. 
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Radial primary system which ordinarily would 
be used to supply the area 
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transformer installations 


Radial versus network system for an area having a load density of 425 kva. per sq. mi. 


In the comparative studies of the Verona-Oakmont 
area a new substation having two 3,000-kva. trans- 
former banks (giving a rated station capacity of 3,750 
kva. allowing for 125 per cent load on one bank with 
the other out) would be the minimum requirement for 
extension of the radial system. This system also would 
have required two 4-kv. regulated feeders. (See Fig. 3.) 

For the same area the network plan was figured upon 
three different bases; with: 


1. Allequipment in underground vaults. 
2. Equipment above ground in small buildings. 
3. Equipment mounted above ground and outdoors on concrete pads. 


Calling the cheapest of these methods (8) 100 per cent, 
data revealed that the radial scheme represented 35 
per cent addition in cost. The underground vault net- 
work plan (1) and the small-building plan (2) figures 
respectively 18 and 7 per cent more costly than plan(8). 
Comparative data are given in Table III. 


TABLE III—COST COMPARISONS FOR AREA OF 425 KVA. 


PER SQ. MI. 
ooo eee 
Radial Network 

U.G. Vault Bldg. Type Outdoor 
LOad jy. cist phen ctor 2,000 kva. 2,000kva. 2,000kva. 2,000 kva. 
Proposed inst. capacity 6,000 kva. 4,500 kva. 4,500 kva. 4,500 kva. 
Operating capacity*... 3,750 kva. 3,750kva. 3,750kva. 3,750 kva. 

Costs in per cent 
Real estate. ...6... 0. cece Tigger OV. occa eae OFOr DB ras 2.8 
Substation bldg. or vault.. 4.2.......... ye etna LS Ope 5.8 
FE GUIDIN Ont ty amen ae ao Or One VAUD Rese sy G6.53.4. Se.3 66.3 
‘LTANSIMISSLON ee calles pa Rae OW pn Shouts ge Lae 4.4 
Distributiontne oa LGEe er Wit eae Se eae LS 2 13.2 
Duct connections........ 14 5 Aneires ork Didacmretene USa% sacs 7.5 
LO tal jeer ones hse Zid awtewe mone UTS. GPs LOC saenece 100. 


*Based on 125 per cent Joad on transformers for five hours in case of 
feeder or transformer failure. 
tNote: Cost of regulators included in above estimates. 


In pursuing the construction of the Verona-Oakmont 
primary network it was decided to use one each of the 
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three kinds of installations just mentioned, in order to 
secure practical operating data. This worked out well 
because only three transformer points are required for 
the initial network. As to the future, it is contemplated 
that underground vaults may be used as required in 
congested areas where above-ground installations are 
out of the question because of proper costs or zoning 
ordinances. Small buildings may be used in less con- 
gested and medium-grade residential areas while in 
lower-grade areas the outdoor equipment on concrete 
-pads and surrounded by a fence may be used to 
advantage. 
In the area in question the vault will require sub- 
mergible equipment. General details are revealed in 
the sketch, Fig. 4. 


RELAY PROTECTION 


Network relays similar to those used on low-voltage 
a-c. networks and providing similar protection are being 
used on the transformer breakers. Another relay re- 
closes the breaker automatically upon resumption of 
supply on the feeder. Further protection in the form 
of a contact-making thermometer is being considered as 
a guard against protracted overloads. Bus differential 
protection at each transformer installation will operate 
to lock all breakers open in case of a fault on the bus at 
the intersection. 

Tie-main protection has been the subject of extended 
investigation as a result of which overload relays with 
inverse-time characteristics greater than normally em- 
ployed have been chosen for the service. With a 400/5- 


Fig. 4. Design fea- 


tures of under- 
ground ___ primary- 
network vault 
showing _ barrier- 


wall construction 
for equipment seg- 
regation and show- 
ing also the integral 
construction of the 
transformer and its 
associated switch- 


ing and relay 
equipment. Water- 
tight hoods on 


(possible) regula- 
tors and water- 
tight cubicles for 
breakers and all 
associated equip- 
ment also may be 
noted 
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TIME-CURRENT CURVE 
INVERSE TIME OVER-CURRENT RELAY 


10H SPECIAL DESIGN 
(22) 
S 8 H 6 Ampere Tap with 250/5 Amp. C.T. 
87H Time Lever Set on 3 
3 6 
ze 
fy 4 Curve of Standard Relay 
= Shown for Comparison 
= 


0 500 1000 1500 2000 2500 3000 3500 4000 
CURRENT iN AMPERES 


NOTE 
Current Values Shown are for a Phase to Ground Fault at & 


RELAY OPERATION 
Oil Circuit Breakers No's. 1&5 Must Open to Clear Fault. 
0.C.B. No.5 Opens in 0.5 Second which is 1 Second Quicker 
Than any Other 0.C.B. Could Open. 
After 0.C.B. No. 5 Opens, the New Distribution of Fault Current 


Shown in Brackets will Exist and 0.C.B. No. 1 will Open in 
2.7 Second with no Other 0.C.B. Carrying Enough Current to Operate 


Fig. 5. Typical analysis of relay operation for tie- 
main fault 


ampere current transformer and a 4-ampere relay tap, 
the relay will operate in 9 sec. at 480 amperes, and in- 
accurately on a current as low as 320 amperes. In the 
plan adopted only the two breakers connected to the 
faulty line will operate. However, if corner trans- 
formers are installed from which tie mains run in only 
two directions, proper selectivity is impossible with that 
particular transformer out of service. In general it may 
prove advisable not to use this design, but rather to run 
a third tie main to an adjacent intersection. 

To determine definitely the requirements of a type of 
relay for this service, extensive short-circuit studies were 


403 


Fig. 6. Submersible cubicle for oil circuit breaker 
and associated equipment including relays 


made of the network layout for three-phase and phase- 
to-ground faults at all locations along the tie mains, with 
all transmission feeders in service, and with each one out. 
Fig. 5 presents a typical analysis. Results in all cases 
are sufficiently conducive to warrant the expectation 
that no trouble will be experienced in relaying the 
Verona-Oakmont primary network, particularly if two- 
way-feed transformer installations can be eliminated. 


CONCLUSIONS 


On the basis of studies made, the primary network 
may be said to offer the following advantages over the 
usual radial system: 


1. Material reduction in investment. 
Even under the adverse conditions of load densities as low as 425 kva. per 
sq. mi., the cost runs as much as 35 per cent higher for the radial system. 


De Greater copper economy. 
Reduced copper sizes are possible on the mains because of the smaller cur- 
rents and shorter distances of feed, the results of the network principle. 


3. Reduced duty on oil circuit breakers. 
Short-circuit studies of the two areas studied and of theoretical systems in- 
dicate that the oil circuit breakers can be materially smaller than for the 
corresponding radial system. 


4. Better regulation. 
Any radial system inherently has considerable voltage variation which 
regulators cannot compensate. It is believed from a theoretical voltage 
analysis made that a very uniform voltage will be obtained on the network. 


5. Small and standardized transformer units. 
Transformer units (transformers, switches, regulators, if used, and auxiliary 
equipment), can be manufactured in units, stocked if necessary, and in- 
stalled when required. 
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6. Capacity may be installed in small increments. 


The radial system requires a substation and distribution system to be built 
well in advance of the load growth; long-range estimates are necessary for 
load growth both in direction and magnitude. In the primary network 
transformer units are installed where and when needed. Long-range pre- 
dictions are unnecessary. 


7. Investment for load growth in small increments. 
The investment is not made in large steps far in advance of the load growth. 


8. Reduced system losses. 


One item of saving for example, is the complete elimination of feeder losses; 
there are no feeders. ; 


9. Reduced area of outage. 


With the designs considered each tie main will have a capacity of 600 or 700 
kva.; the radial circuit has a capacity of 2,100 kva. A failure in the net- 
work therefore involves less than one-third the load of the radial system. 


10. No 22-kv. breakers. 


High-voltage cables run directly to the network transformers. 


Vacuum Tubes and 
Their Applications 


The extensive use of the high-vacuum tube 
in radio and communication work has re- 
sulted from certain remarkable character- 
istics of these tubes; the ‘‘thyratron’’ has 
been shown to possess certain other charac- 
teristics which mark it as being equally well 
suited to industrial uses. 


By 
W. C. WHITE 


Member A, I. E. E. 


General Electric Co., 
Schenectady, N. Y. 
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M ccins TUBES may be classified 
according to (1) number of electrodes (a two-electrode 
tube, being termed a diode, a three-electrode tube a 
triode, and so on, to include tetrode and pentode); 
(2) content of the bulb, which.may be high vacuum, 
gas, or vapor; (3) nature of the fundamental electrode, 
the cathode, which may be thermionic, photoelectric, 
mercury-pool, or cold. 

For convenience, practically any form of the many 
types of vacuum tubes can be classified by a combina- 
tion of these three properties. For instance one sold 
under the trade name of “‘tungar’ is a gas-content, hot- 
cathode diode. Screen-grid tubes used so much in 
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modern radio are hot-cathode, high-vacuum tetrodes. 
The small tubes which are sold under the trade name 
of “‘thyratron’ are hot-cathode, mercury-vapor triodes. 


HIGH-VACUUM TUBES 


Fundamentally, the amount of current that can be 
carried through the vacuum in a hot-cathode, high- 
vacuum tube is dependent upon the electron emission 
and space charge effect. The electron emission is 
known to depend upon many contributing factors 
while the space-charge factor is controlled by simply 
introducing a grid into the tube with the proper voltage 
applied. 

In a high-vacuum tube are embodied four features 
that singly or in combination make for a unique 
electrical device: 


1. Independence of frequency. 


The speed of electrons is such that they will respond to frequencies of the 
order of several million cycles per second, so that for most purposes the 
tube has no limitations in this respect. 


2. Continuous control. 


The electrons each carry such a small charge and are in such rapid motion 
that the current through the tube can follow accurately a very complicated 
wave form, as distinguished from the step-by-step action which occurs in 
most other electrical apparatus. This feature has made the high-vacuum 
tube useful in long distance telephony and radio broadcasting. 


3. Voltage control. 


Relatively large amounts of current through the tube can be controlled by 
the grid voltage without furnishing any current to the grid. For example, 
the electricity generated by rubbing a fountain pen with a piece of cloth, 
when applied to the grid is sufficient to control relatively large amounts of 
power. This feature provides for the high amplification common to this 
type of tube. 


4. Rectification. 


Current passes through the tube only when the cold electrode is positive 
with respect to the hot electrode. 


From the point of view of these four factors, it may 
readily be seen why the high-vacuum tube is of such im- 
portance inradio. For industrial application, however, 
the high-vacuum tube has certain serious limitations, 
these being due mainly to high power loss within the tube. 
Part of this loss is represented by the power required to 
heat the cathode to the point at which electron emission 
will take place; this ranges from about 10 to 150 watts 
per ampere of current passed through the tube. Another 
limitation arises from the fact that from several 
hundred to about one thousand volts per ampere is 
required to force the current across the vacuum within 
the tube. 

From these facts it will be seen that currents of more 
than a few amperes cannot be handled economically 
by means of this type of tube. Therefore, it is apparent 
that in the industrial field the most promising applica- 
tions of the high-vacuum tube is in various control 


From a paper ‘‘Vacuum Tubes, Their Industrial Applications,” pre- 
sented informally at a meeting of the Schenectady Section of the A. I. E. E., 
Jan. 16,1931. Reprints not available. 
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operations where the determining factor is the unique 
characteristics of the tube rather than its output. 


THE THYRATRON 


Next discussing the thyratron tube, its striking 
characteristics are the greatly decreased amount of 
power required to heat the cathode, and a marked 
reduction in the large voltage drop characteristic of 
the high-vacuum tube. This is brought about by the 
introduction of a slight amount of mercury gas or vapor 
into the bulb, the positively-charged vapor or gas 
molecules mingling with the electrons and neutralizing 
the space-charge. This neutralization of the space- 
charge makes possible a very different design of hot 
cathode; instead of utilizing what might be termed an 
open-type cathode permitting the electrons to leave the 
hot surface easily there may be used an enclosed-type 
cathode with just a few holes through which the stream 
of neutralized and negative ions may pass. This 
means that the heat may be kept within and conserved, 
whereas the electrons and positive ions may be allowed 
to travel to the anode. This is accomplished by sur- 
rounding the hot cathode with heat insulation and 
heat reflectors with only relatively small holes for the 
passage of the current. The resultant power loss is 
only about one watt per ampere of current through the 
tube contrasted with from 10 to 150 watts per ampere 
in the high-vacuum tube. 

Also, neutralization of the space-charge eliminates the 
high voltage necessary to pass the current through the 
space; and instead of a large voltage increasing with 
the amount of current to be carried there is a constant- 
voltage drop of from 10 to 20 vo ts. 

As a result a thyratron tube built to about the same 
physical size as the commonly-known UX-250 high- 
vacuum tube, and costing about the same amount to 
manufacture, will handle about 50 times as much cur- 
rent as the latter. It is apparent therefore, that the 
gaseous type of electrostatically-controlled tube is 
much better suited to the handling of relatively high 
currents common in the broad field of electrical engi- 
neering than is the controlled high-vacuum type. 


Nevertheless, a thyratron tube has certain limita- 
tions; as stated, the high-vacuum type can handle 
currents up to a frequency of one million cycles per 
second, whereas the thyratron in its present form is 
limited to a few thousand cycles per second. Also the 
thyratron cannot control direct current in the same 
simple way as the high-vacuum tube; that is, it lacks 
the feature of “‘continuous control.’ These, however, 
are not serious drawbacks for most industrial uses and 
it appears that even as the characteristics of the high- 
vacuum tube fitted it remarkably into the radio com- 
munication field, so the thyratron tube may be con- 
sidered equally well adapted for use in the industrial 
engineering field. 
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What are Effects 
of Electric Shock? 


By 
W. B. KOUWENHOVEN 


Member A. I, E. E. 
Johns Hopkins University, Baltimore, Maryland 


O. R. LANGWORTHY 


Non-member 
Johns Hopkins University, Baltimore, Maryland 


l. IS WELL RECOGNIZED that the 
point of bodily contact is a factor of great importance 
in cases of injury resulting from exposure to energized 
electric circuits. Physical danger to vital body tissues 
is the source of greatest danger to life continuity in 
cases of electric shock, and the location of the point of 
contact determines largely the pathway of current flow. 
Once inside the body the current spreads out in a more 
or less fusiform shape, but it is difficult to believe that 
the current density can be high in organs distant from 
the most direct path between points of contact. For 
example, if a man makes contact with an electric circuit 
through one arm and one leg, it is scarcely possible that 
any appreciable current will pass through his brain. 


REVIEW 


Before proceeding further with the present discussion 
it may be well to recapitulate briefly because earlier 
experiments reported upon! (for numbered references, 
see bibliography) brought to light certain facts which 
apply to the present series. 

In the earlier tests electrodes were applied only to 
the head and tail of the animal subjects. Rats were 
used as the experimental animal and both continuous- 
and alternating-voltage shocks were administered at 
110, 220, 500, and 1,000 volts. At each voltage the 
duration of contact at first was short and subsequently 
increased until it was impossible to resuscitate the 
subject by means of artificial respiration. These tests 
revealed that: 

1. A 1,000-volt continuous current was more dangerous to rats than 
an alternating current of the same effective voltage. 

2. A large rat survived a greater shock than a small rat. 
3. Both sexes were equally susceptible to electric shock. 


4. Paralysis of the hind legs resulting from hemorrhages in the spinal 
cord characterized many of the a-c. experiments. 


With the electrodes on head and tail the brain was 
directly in the current path and the studies showed that 
the brain appeared to be injured readily by the passage 
of an electric current through it. Subsequent to the 
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Are brain cells injured when currents do not 
pass through the head? What influence 
upon life continuity does the current path 
through the body have? In an effort to 
approach an answer to these and related 
questions a second set of experimental data 
is given herewith. 


death of the rats evidences of nerve-cell damage and of 
both macroscopic and microscopic hemorrhage in the 
brain were found in many instances.” 

In legal electrocution one electrode is placed on the 


skull, but industrial accidents rarely involve head con- | 


tact; the common path is from hands to feet.’ 


RECENT EXPERIMENTS 


The recent series of experiments was undertaken to 
study the influence of the current path upon the effects 
produced by an electric shock. Are injuries to brain 
cells produced when the current does not pass through 
the head? Rats again were chosen as animals for study 
because of accurate knowledge of their behavior and 
because a rat seldom if ever dies of damage to heart 
after an electric injury, but rather from respiratory 
failure. Using a 1,000-volt circuit, 102 rats were 
shocked, half with a-c. and half with d-c., each for a 
period of two seconds. 


prior series. 


Preparatory to the shock the rats were given ether | 


until they were quiet, then the points of contact 
were moistened thoroughly with saline solution and the 
electrodes (voltmeter clips filed smooth) attached. 
When connection was made to the head a special elec- 


Electrode positions were varied | 
and a few tests were made with the electrodes on the | 
head and tail of the animals to check the results of the | 


trode was employed which made contact only on the | 
upper surface of the skull and did not interfere with | 


breathing. After the electrodes were in place the 
shock was applied. In each case the circuit was held 


closed for exactly two seconds and the current flowing — 


through the animal was recorded. 
Immediately following the shock, the animal was 


removed from the circuit and if there was no evidence of | 
breathing, artificial respiration was applied. This 


consisted of the application of digital pressure upon the 
chest, reproducing so far as possible the Schaefer prone- 
pressure method. Also the tongue was pulled out, the 
vagus nerves in the neck were stimulated by stroking 
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with the fingers, and efforts were made to keep the 
respiratory tract free from mucus. 

Following the a-c. injuries the chest of the animal 
was fully expanded, a seemingly important aid to the 
resumption of spontaneous breathing or to adequate 
artificial respiration. However, after contact with the 
d-c. circuit the chest was collapsed and it was difficult 
to get air into the lungs. The a-c. shocks produced a 
strong contraction of musculature of the body and this 
in the cases of males was accompanied almost invariably 
by an emission. Clonic movements of the muscles of 
the leg were observed in many of the a-c. injuries, prob- 
ably produced by irritation of the nerve cells due to 
asphyxiation. Bleeding of the conjunctiva also occurred 
in many cases. 


ELECTRODES ON HEAD AND TAIL 


Six rats in the present series and ten in the prior series 
were subjected to a two-second contact with a 1,000- 
volt a-c. circuit with electrodes affixed to head and tail. 
Artificial respiration was required and applied in 88 per 
cent of the cases, and five or 31 per cent recovered. 
The others died or were paralyzed by the shock. Three 
of the five that recovered were normal. After breathing 
was established it was rapid, shallow, and somewhat 
irregular for several hours following the injury, later 
becoming normal. 

Only one of the six rats in the present series was 
paralyzed as against five of the ten in the prior series; 
in fact in the present group paralysis was less common 
and fewer hemorhages in the spinal cord were found 
than in the tests of a year ago although no explanation 
for the discrepancy can be given. A brief analysis of 
tabulated results shows that: 

1. Of the five subjects to recover, the average weight was 217 grams 
and the average body current 0.848 ampere. 


2. Of the six paralyzed subjects, the average weight was 242 grams 
and the average body current 0.800 ampere. 


3. Of the five subjects which died, the average weight was 161 grams 
and the average body current 0.844 ampere. 


In the tests previously published no rat survived a 
contact of one second or more with a d-c. circuit of 
1,000 volts. Therefore, in this series only two animals 
were given a two-second shock at this voltage and 
neither of them survived although their hearts beat 
strongly for several minutes following the contact. 
Autopsy showed only few abnormalties, but microscopic 
examination of the brains of the rats of the prior series 
revealed that the current had caused nerve-cell injuries 
incompatible with life. 

Observations in the present group check with those 
of the prior experiments where the electrodes were 
applied to the head and tail of the animal. It is clearly 
evident that contact with a 1,000-volt d-c. circuit is 
much more deadly to a rat than contact with an a-c. 
circuit of the same effective voltage. In this series, 
artificial respiration was applied to all of the animals 
tested with continuous current, and 100 per cent of 
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them died. In the a-c. tests, however, artificial respira- 
tion was needed in only 88 per cent of the cases; 31 per 
cent of the animals died, 38 per cent were paralyzed, 
and 381 per cent recovered from the injury. 


ELECTRODES ON RIGHT FORE LEG AND TAIL 


Twelve rats were given a two-second 1,000-volt a-c. 
shock with electrodes on the right fore leg and tail. 
Five of these rats breathed as soon as the circuit was 
opened; in the other seven cases artificial respiration 
was required. Death occurred either immediately or 
within a few minutes in 42 per cent of the cases; three 
rats were paralyzed, one of which died four hours after 
the injury, another, nine hours, and the third survived 
until killed preparatory to autopsy. 

This group was of particular interest in emphasizing 
the fact that an animal was not necessarily on the road 
to recovery when breathing was first started. This 
phenomena is mentioned often in records of human 
electric shock. Breathing was started in three of the 
rats only to cease after a few minutes and a second 
application of artificial respiration saved only one. 
Several of the rats in this group were hyper-irritable to 
all sensory stimuli for some minutes following the 
injury. Bleeding from the eyes was a common occur- 
rence. The paralyzed rat that survived had a hemor- 
rhage in the spinal cord and there was no chance of its 
permanent recovery. 

With the alternating current flowing through the 
animals from right fore leg to tail 35 per cent of them 
recovered, 42 per cent died, and 25 per cent were para- 
lyzed. The injury was slightly less severe than when 
the brain formed part of the current path as in the 
previous series. 

Another twelve rats were tested on a continuous- 
current circuit with electrodes also on the right fore leg 
ana tail. In this test the brain did not lie directly in 
the path of the current and the results were vastly dif- 
ferent from those where one contact was made with the 
top of the skull. Here six of the rats breathed spon- 
taneously when the circuit was opened, whereas none 
were saved in the first series even after long applications 
of artificial respiration. There was only one rat in this 
group of twelve that did not attempt to breath after 
the injury. 

Artificial respiration was applied in 50 per cent of the 
d-c. cases; 42 per cent recovered; 25 per cent died, 
and 33 per cent were paralyzed; but these figures do 
not tell the whole story. Burns resulting from contact 
with direct-current were much more severe than those 
observed with alternating current. Because of these 
burns it was not possible to keep any of the surviving 
animals alive for a period longer than three days follow- 
ing the d-c. shock. However, any rat that survived an 
a-c. shock without paralysis appeared quite normal 24 
hours later; they ate, drank, and were active. It is 
of interest also to note that in this d-c. group there were 
two cases where breathing was started only to stop 
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again. In both of these instances a second application 
of artificial respiration was unsuccessful. Further brief 
analysis of tabulated results of this group of tests in- 
volving 24 rats shows that: 


1. Of the four subjects which recovered from a-c. shock the average 
weight was 171 grams and the average body current 0.767 ampere; of the 
five recoveries from d-c. shock, 108 grams and 0.754 ampere. 


2. Of the three subjects paralyzed by a-c. shock the average weight 
was 179 grams and the average body current 0.743 ampere; of the four 
paralyzed from d-c. shock, 130 grams and 0.887 ampere. 


3. Of the five subjects dying from a-c. shock the average weight was 
174 gram and the average body current 0.718 ampere; of the three suc- 
cumbing to d-c. shock, 103 grams and 0.800 ampere. 


From these results it is clearly evident that in cases 
where the continuous-current path does not include the 
brain there is at least a fifty-fifty chance of resuscitating 
the animal. 


ELECTRODES ON LEFT FORE LEG AND TAIL 


Twenty-four rats were tested with the electrodes on 
the left fore leg and the tail, half with alternating and 
half with continuous current. Under alternating cur- 
rent, artificial respiration was applied in 75 per cent of 
the experiments; 58 per cent recovered, 17 per cent were 
paralyzed, and 25 per cent died. With direct-current, 
artificial respiration was used in only 58 per cent of the 
cases; 42 per cent recovered, 33 per cent were paralyzed, 
and 25 per cent died. 

The results of this series also emphasized the fact 
that breathing will not necessarily continue after having 
been established either spontaneously or by artificial 
respiration. Reactions and behavior of the rats in this 
group were closely identical with those where the cur- 
rent path was from the right fore leg to the tail. It was 
not, however, quite so dangerous to life. The d-c. 
results here also confirm the importance of eliminating 
the brain from the current path if any hope of recovery 
for the animal is to be entertained. 


ELECTRODES ON BoTH FORE LEGS 


Eight rats were tested with electrodes on both fore 
legs, thus involving the heart and lungs directly in the 
path of the current flow; four were shocked with alter- 
nating, and four with continuous current; their average 
weight was 144 grams and the average body current was 
1.24 amperes. 

Although artificial respiration was tried in every case, 
no animal survived, a fact not strange when one con- 
siders the current that flowed for two seconds. The 
chest was warm to the touch when the circuit was 
opened. In all but one case, however, the heart con- 
tinued to beat following the shock. It is remarkable 
that there was any heart beat at all after so severe an 
injury, and that two of the rats attempted to breathe 
following the a-c. contact and two following the d-c. 
contact. There is no possibility of survival with this 
current path. 
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ELECTRODES ON BoTH HIND LEGS 


Fourteen rats were tested at 1,000 volts with elec- 
trodes attached to both hind legs, seven on an a-c. 
circuit and seven on a d-c. circuit. Their average 
weight was 127 grams and the average current that 
flowed for two seconds was 1.17 amperes. Only one 
rat died as a result of the a-c. contact, and two from the 
d-c. contact, when the circuit path involved principally 
the caudal region of the body. The rat that died after 
the a-c. contact had started breathing spontaneously 
as soon as the circuit was opened. He was considered 
as recovered and had been placed back in the cage; ten 
minutes later he was found dead. 

Artificial respiration was not applied to any of the 
seven rats that were injured with alternating current. 
All breathed spontaneously and 86 per cent recovered 
completely. They were all active and lively within a 
few minutes following the shock. One, or 14 per cent, 
died, and it is believed that his life could have been 
saved had artificial respiration been applied at the 
proper time. Following the d-c. shock, five of the 
animals breathed at once. Artificial respiration was 
applied in but two cases, (29 per cent) and these animals 
died after a few attempts at kreathing. The other five 
(71 per cent) recovered and in a few minutes became 
very active. 

These tests demonstrate clearly the fact that when 
none of the vital organs lie directly in the path of body 
current the electrical injury usually is small. 


ELECTRODES ON ONE FORE LEG AND ONE HIND LEG 


Effects produced by the flow of current from the right 
fore leg to the left hind leg were studied in eight rats, 
from the left fore leg to the left hind leg in eight other 
rats, and in a third group of eight the electrodes were on 
the left fore leg and the right hind leg. Half of these 
were subjected to an a-c. circuit and the remainder to a 
d-c. circuit. 

Not a single rat was permanently saved after contact 
with the d-e. circuit; one was resuscitated but only to die 
two and a half hours later. In several cases no heart 
action could be detected and at most, many of the 
animals gave only a few gasps. There was greater 
success in saving those that had been injured with 
alternating current, where in five cases breathing was 
established by a long application of artificial respiration. 
One of this five was paralyzed, but all including the 
paralyzed one became quite active soon after the shock. 

Results for the 24 cases where the current path was 
from fore to hind leg, may be summarized as follows: 


1. Artificial respiration was applied in every instance, both for the a-c. 
and d-c. contacts. 


2. With alternating current 33 per cent of the animals recovered, 
eight per cent were paralyzed, and 59 per cent died. 


3. With continuous current 100 per cent of the animals died. 


4. Of the four subjects which recovered, the average weight was 116 
grams and the average body current 0.910 ampere. 
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5. The rat that was paralyzed weighed 143 grams and the current 
that flowed was 1.060 amperes. 


6. Of the nineteen subjects which succumbed, the average weight 
was 132 grams and the average body current 1.211 amperes. 


Normally one would expect that there would be little 
if any difference between the effects produced by a 
current flowing from either fore leg to tail or by one 
flowing from either fore leg to either hind leg; yet in 
the group where the current path was from fore leg to 
tail, 44 per cent of the rats recovered; in the second 
group where one electrode was attached to a hind leg 
instead of the tail, only 16 per cent were saved. 

Wherein, then, lies the deadliness of this current path 
from fore leg to hind leg? The authors believe that the 
high death rate found here is caused by the low-resis- 
tance path that the animal offers to a current flow when 
its tail is eliminated from the circuit. The average 
resistance of the current paths from fore legs to hind 
legs for the 24 rats was less than 70 per cent of that 
found for the 48 rats where the current paths were from 
either fore leg to tail. The higher resulting current is 
believed to be responsible for the deaths of the animals. 
A second argument supporting this conclusion is the 
almost complete absence of serious injury to the rats 
when the current passed from one hind leg to the other, 
even though the current values were high. 


DISCUSSION AND CONCLUSIONS 


These experiments confirm Urquhart’s‘ conclusion 
that when an electric current passes through the brain 
a temporary physiological block is produced in the respi- 
ratory center and that spontaneous breathing ceases for 
atime. He stated that if no serious injury to the heart 
occurs, adequate artificial respiration may give time for 
the center in the medulla to recover and for normal 
breathing to begin. Maclachlan? reports in his field 
notes a case of recovery from shock following eight 


hours of continuous application of the Schaefer prone- 
pressure method, which also confirms Urquhart’s 
findings. Urquhart*, in a second series of experiments, 
demonstrated that a temporary block could be pro- 
duced in the spinal cord or in a nerve trunk by the pas- 
sage of an electric current. 

Langworthy? found by his microscopic examination 
of sections of the brains of the rats injured by high- 
voltage electric currents that in many cases the damage 
to the cells was incompatible with life. Microscopic 
study of the central nervous systems of all of the rats 
in this present series will be made. 

Results obtained clearly demonstrate the presence 
in many of the rats of a temporary respiratory block, 
the location of which, whether in the brain stem or in 
the vagus nerves, depends upon the current path. 
Resuscitation is possible provided the damage done 
does not require a recovery time too long to permit life 
to be supported in the interval. 


Effects produced by the various current paths 
through the animals are summed up in Table I. From 
that table and from the results presented, the following 
conclusions may be drawn: 


1. A 1,000-volt continuous-current circuit is more dangerous to rats 
than an alternating circuit of the same effective voltage, irrespective of 
the current path. 


2. The chances of recovery are best when the brain does not lie directly 
in the pathway of the current. 


3. The injury produced by the current path from the left fore leg to 
the tail is less severe than that caused by the same current flowing from 
right fore leg to tail. 


4. When the main pathway of the current did not include the brain, 
spinal cord, or nerves required for respiration, most of the animals breathed 
at once and were active a few minutes after the injury. 


5. The presence of a respiratory block has been demonstrated, and the 
fact that when natural breathing is first established the animal is not 
necessarily on the road to complete recovery. 


6. The respiratory block is less severe, if not absent, when the current 
traverses the posterior portion of the body. 


7. Burning of the tissues with continuous current is much more severe 
than occurs for the same effective alternating current. 


TABLE I—SUMMARY OF RESULTS OBTAINED IN EXPERIMENTS 
Submitting 161 Rats to Contact with 1,000-Volt Circuits for Two-Second Shock Periods 


Per cent 
requiring Per cent Per cent 
Number artificial immediate Per cent immediate 
Current Position of electrodes shocked respiration recovery paralyzed death 
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Electric Power 
in the Steel Industry 


A brief outline of some of the revolutions 
in production methods brought about by 
electrification ona large scale. 
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S INCE the World War practically 
every industry has been subject to a declining market 
price of its commodity. The very definite problem 
before industry during this post-war period has been 
to modify production methods and processes in a 
manner which will permit the manufacture of com- 
modities at a constantly declining cost. 

Perhaps in no industry has there been greater progress 
in recent years than in the steel industry and some of 
the major advances that are attributable to the applica- 
tion of electricity, not only to auxiliary drives and 
annealing processes but also to the replacement of the 
large steam engines for main roll drive with motors, 
far exceed in performance and output anything ob- 
tainable by steam. Perhaps even more vital than the 
application of motors to main rolls has been the installa- 
tion of delicate and accurate control devices which has 
brought about a complete change in the rolling of steel. 

Up to 1921 the steel industry had been accepting 
electrification but not in the wholehearted manner as 
it now does. As to main rolling drive, there was con- 
siderable argument between the steam advocates and 
those who were in favor of electric drive; but when the 


From ‘‘The Use of Electricity in the Steel Industry,’’ presented at the 
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steel industry was definitely confronted with a steady 
decline in the price of steel products the curtain was 
drawn abruptly on further debate and many large 
engines were replaced by electric drives. At that time 
an electrified plant enjoyed an advantage of $2.50 per 
ton of product over a steam-driven plant; at present 
this difference is even greater. 

One of the first products to feel the far reaching 
effects of electrification was strip formerly rolled in 
mills where the metal was passed back and forth by 
hand from one stand to another. The drawback in 
this type of mill was not only that it required a great 
amount of hard labor but that the thin metal traveling 
along the cold floor would lose its temperature rapidly. 
The tandem motor-driven mill arrangement not only 
reduced the amount of power required to roll the steel 
but enabled the same slab to be finished to a thinner 
gage. 

So long as steam engines were used this newer type 
of tandem mill of course was impossible because it is 
necessary to have, for the driving of each stand, indi- 
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Installed horsepower on main-roll mill 
drives is increasing rapidly 


vidual units which can be adjusted in speed to accommo- 
date different drafts in individual stands and maintain 
a pre-set speed whether the load be light or heavy. 

Strip usually covers a range from 3 to 20 inches in 
width while sheet varies in width from 30 to 60 inches. 
Since the continuous type of individual motor-driven 
mills proved so successful in strip mills it is only natural 
that present day production of heavy sheets is being 
drastically changed. The transition has not reached 
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that same conclusive state as it has in strip mills and 
at the present time only the heavier sheets are being 
rolled on this type of mill. It is possible however that 
in the near future continuous rolling of sheet will be 
almost as complete as the continuous production of 
strip. 

From sheet to plate is the next logical step; conse- 
quently the first installation of a continuous plate mill 
is being made now. In other words the use of the 
tandem-mill motor specially designed for flat speed 
regulation has gone from strip to sheet mills and now is 
invading the plate-mill field. In general, the old type 
of mill was able to produce from 10,000 to 15,000 tons 
per month. 

Recently with the development of structural shapes 
has come a new type of wide-flange mill where motor 
drive has been utilized. In the rolling of these larger 
and relatively more complicated shapes only the advent 
of sensitive, sturdy, and accurate automatic electrical 
control devices has made the wide-flange mill an 
operating success. In one mill typical of this a 7,000- 
hp. motor drives the main rolls (used on the web and 
inside flanges of a beam) and also two vertical rolls 
which reduce the outsides of the flanges. Adjacent 
in the line of production is a set of auxiliary horizontal 
rolls which reduce the edges of the flanges. These 
auxiliary rolls are driven by a 2,000-hp. motor. It is 
essential that these two motors remain in synchronism 
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Fig. 2. Layout of typical older type of 14-in. strip 
mill showing hand transfer between finishing stands. 
Compare with Fig. 3 
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regardless of the relative load on either of them. Also, 
with the material passing back and forth between these 
three sets of rolls and with the different drafts to be 
taken on the rolls, various speed relations between the 
three sets of rolls must be pre-set and rigidly main- 
tained for any given pass. This represented one of the 
difficult problems in the design of the electrical equip- 
ment for this mill. It not only required a careful 
designing of the control but of the motor as well. 

The other problem was to establish a proper setting 
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for the three sets of rolls as the metal was being reduced 
from a beam blank to a finished beam. It may be 
imagined that if heavy drafts were taken in the vertical 
rolls during the early passes, while most of the work to 
be done by the main horizontal rolls was delayed to the 
last few finishing passes, there would be considerable 
distortion and unnecessary strain set up in the metal. 
With three sets of rolls to be adjusted after each pass it 
was inconceivable that two men would reproduce 
properly the drafts as each piece of metal came through 
the mill, a matter of importance in securing uniform 
elongation of the metal throughout its entire section; 
further, unless drafts could be predetermined it would 
be impossible to pre-set the speed of the 2,000-hp. 
motor. For this reason arrangements were made to 
operate the screwdown on the three sets of rolls auto- 
matically for each individual pass and at the same time 
adjust the field of the 2,000-hp. motor for its correct 
speed. This automatic setting of the rolls for each 
individual pass was the second distinct contribution 
made to the phenomenal success of this type of mill 
by electrification. 


FUTURE PROSPECTS 


There are many other instances where the steel indus- 
try has utilized electrification to maintain a prosperous 
condition regardless of the decline in the price of steel. 
Probably one of the most spectacular changes from a 
labor point of view is in the production of wrought iron. 
At the present time one company is incorporating a. 
method of manufacturing wrought iron by merely 
pouring the molten iron from one ladle into another 
containing molten slag. In three minutes a three-ton 
ingot is produced by a few men, whereas by the old 
method it took twenty men two hours. The old 
method of puddling might be termed a back-breaking 
job meant for young men only; today the seasoned man 
of fifty with steady habits is better adapted to manipu- 
late the machinery required for this new process. 

There is no question but that still further changes 
of great consequence to steel production will be ob- 
tained through the use of electricity. As yet there is 
little appreciation of the full use to which electricity 
may be placed, but these possibilities will be unfolded 
in the future just as they have been in the past. 


S 


800 le) 
HP. HR 


1,250 HR 


Fig. 3. Layout of modern 14-in. strip mill. 
Compare with Fig. 2 
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A Neutralized 
Welding Generator 


By reducing the magnetic energy stored in 
the generator field, transient currents in d-c. 
welding machines can largely be eliminated. 
Providing such generators with neutralizing 
windings reduces this energy to a minimum. 


By 
F. CREEDY 


Member A. I. E. E. 


Lehigh University 
Bethlehem, Pa. 


7 + \ desi generators of the 
d-c. type in order to be satisfactory not only must 
operate at constant current over a wide range of volt- 
ages, but must also be free from heavy transients. 
The operation of such machines can be improved vastly 
by incorporating in their design a winding to neutralize 
the effect of armature reaction in the generator, and a 
high external reactance in series with the arc. 

It should be noted at the outset that two different 
types of welder are possible—the separately-excited 
type and the shunt type. The former type has a 
separately-excited coil in its field, its ampere-turns 
opposed by a coil connected in series with the armature; 
the shunt type, in addition to this, has a shunt coil on 
the field. 

It is proposed that in the case of a shunt type of 
welder its shunt coil and separately-excited coil should 
be combined into one in the manner shown in Fig. 1. 
If to a shunt coil and a separately-excited coil, each of 
resistance R, are applied voltages H, and EH; respec- 
tively, the currents in each will clearly be £,/R and 
E;/R. If instead of this a single coil is used, still of 
resistance R, and is submitted to an e. m. f. equal to 
E, + E;, then the current will be E,/R + E; R; that is, 
the ampere-turns will be just the same as in the case of 
the two separate coils. This construction provides a 
minor simplification in the design of this particular 
type of machine. Its chief advantages, however, are 
that by rendering leakage between the shunt and 
separately-excited windings impossible (since they are 
now the same winding), it reduces transient currents 
and prevents damping of the shunt currents by the 
separately-excited winding. 

Inany study of welder design, a careful consideration 
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From ‘‘The Neutralized Welder—A Means of Controlling Transients,”’ 
(No. 31-31), Presented at the A. I. E. E. winter convention, New York, 
Jan. 26-30, 1931. 
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of transient characteristics is of the utmost importance. 
Although the steady characteristics of a welder may 
show a constant current for a wide range of voltage, if 
transient variations from these conditions are possible, 
the machine still will be unsatisfactory. 

If the current is capable of a sudden jump from one 
value to a higher one, then any sudden shortening of 
the arc or contact with the work means that an exces- 
sive amount of energy is suddenly concentrated in it, 
resulting in an explosion with the familiar ‘“‘spluttering”’ 
so annoying to welders. This spluttering is almost 
entirely the fault of the generator. 

It will be clear now that the steady characteristic 
of the generator (for instance as measured on a re- 
sistance load), does not indicate whether it is good or 
bad for welding purposes. It must have an additional 
quality which is vaguely called stability; which brings 
up the question as to how this stability may be cal- 
culated and measured? 

It is proposed that the stability of all welding ap- 
paratus be defined in terms of what may be called the 
“stability ratio,” and that the stability ratio be de- 
fined and measured by (1) applying full load to the 
welder by means of a resistance, as for example, 200 


Fig. 1. Schematic diagram for neutralized welder 


The shunt and separately-excited fields have been com- 
bined in a single winding 7. The neutralizing winding is 
designated at N while Q represents the arc series reactance 


amperes at 30 volts; (2) by arranging a switch so that 
the resistance may be short-circuited instantly thereby 
instantly short-circuiting the terminals of the machine 
through the steadying reactance; and (3) by measuring 
the maximum current kick produced (600 amperes for 
example) when the short-circuiting switch is closed. 
The stability ratio is then the ratio of this maximum 
kick to the normal full-load current. 

In the example given, where the kick is 600 amperes 
and the full-load current 200 amperes, the stability ratio 
is 8. Under a small stability ratio the welder will 
operate steadily. 

There is no serious difficulty in measuring this kick 
by well-known methods with instruments ordinarily 
found in a test room: First the glass front is removed 
from an ammeter, preferably one of the moving-coil or 
dynamometer type whose moving system has a low 
moment of inertia. By means of a pencil point, or 
otherwise, the needle is held at approximately the value 


ELECTRICAL ENGINEERING 


which the current is expected to have—say 600 amperes. 
Next, the machine is short-circuited, and if the current is 
less than the value indicated by the pointer, it will 
continue to rest against the pencil point and be pre- 
vented from moving back to zero. If the current is 
greater, the needle will momentarily flutter away from 
it to a greater or less extent. If, however, there is no 
flutter, the test should be repeated with the needle held 
opposite a lower reading on the scale, say 500 amperes. 
If the flutter is vigorous, the needle should be held oppo- 
site a higher reading on the scale, for instance 700 
amperes—the test being repeated until a point is found 
where the needle shows only a slight indication of move- 
ment. By this means, using only standard d-c. instru- 
ments, the instantaneous short-circuit current may be 
measured with fair accuracy. 


It is necessary that the voltage of the generator be 
able to respond rapidly to changes in are length while 
the current remains constant; it would seem therefore 
that the separately-excited type of generator in which no 
voltage variation whatever can take place unless there 
is current variation must be inferior to the shunt type 
in which voltage and current variation are independent 
of one another. Up to a few years ago this reasoning 
was common but since as hitherto designed the shunt 
type of machine was found to be sluggish—that is, 
the voltage did not rise sufficiently fast with increasing 
are length—it has fallen into disrepute. 

After a rather complete mathematical study of welder 
transients it was concluded that this sluggishness arises 
from the large amount of magnetic energy stored in the 
field system of machines of ordinary design. For 


A és B 


Fig. 2. Current diagrams for a generator with small 


field leakage (A) and high field leakage (B) 


Ia and I} represent the welding current, F the current in 
the separately-excited coil, and G the resultant ampere-turns 


instance when the voltage increases, the flux of the ma- 
chine must increase also; and if this requires a large 
increase in magnetic energy, then a certain amount of 
time must elapse before that energy can flow in. The 
proposal outlined in the beginning provides that the 
magnetic energy stored in the field system be reduced 
toa minimum. Again if there is leakage between the 
series and the shunt or separately-excited coils, or to 
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borrow a term from radio practise, they are “loosely 
coupled,” the transient current in the separately-excited 
coil is not closely conditioned by current changes in the 
series coil. 

The foregoing is illustrated in Fig. 2; in the case of 
small leakage as shown at A, when the welding current 
rises from I, to I;, the increased ampere-turns of the 
series coil are instantaneously masked by equal and 
opposite ampere-turns in the separately-excited coil 
whose current is shown at F; if the energy stored in 
this circuit is small, these transients die away at an 
exceedingly rapid rate so that the flux very rapidly takes 
up its new value. With high leakage as shown at B, 
the change in the ampere-turns in the series coil im- 
mediately influences the flux, since the transient cur- 
rents in the separately-excited coil have considerable 
lag. Later the transient current in the separately- 
excited coil starts causing the flux to return to nearly its 
original value after which the transient gradually dies 
away, the net effect being that the flux first falls, 
then increases, and then gradually falls again—a very 
undesirable condition. Hence, one may summarize 
the condition which leads to good transient characteris- 
tics in a welder by stating that there should be “close 
coupling’ between the series and shunt or separately- 
excited coils. It has been shown that under this con- 
dition both the magnetic energy and the leakage should 
be small. 

In Fig. 3 are shown oscillograms of welding current 
for a welder whose field windings are separate and 
those for a welder arranged as shown in Fig. 1. By 
comparison of these two curves it is obvious that the 
initial rise of current which is universal in welders whose 
transient characteristics have not been carefully 
studied, is entirely absent in welders designed as 
previously outlined. It is evident that in the latter 
case there is no sudden concentration of energy when the 
electrode touches the work. 


Results of a thorough, mathematical study of the 
problems involved are briefly summarized in the 
following paragraphs. 

In the welding generator, two distinct problems 
exist: 


1. The current must be held constant during rapid changes of con- 
ditions. This is solved by the use of reactance. 
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Fig. 3. Current-time relations in a neutralized 

welder suddenly subjected to full load. (A) Shunt 

and separately-excited fields independent; (B) a 
single winding used for both 
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2. The machine must be so designed that the voltage generated may 
vary rapidly to meet changes of conditions without much change of current. 


It is essential to recognize that there are two distinct 
problems and not one, and that only the second of these 
requires the use of a special generator. Every change 
in voltage involves a change in field strength, and in 
connection with this the following requirements should 
be noted: 


1. Rapid changes require that field variations must take place with 
only a small inflow or outflow of magnetic energy to the field; or in other 
words, the magnetic energy stored in the field shall be as small as possible. 
For this purpose the generator should be designed with: (a) low saturation, 
(which will be secured in any case, owing to the need for a high voltage on 
open circuit); and (b) the shortest possible air-gap involving semi-closed 
rotor slots and laminated pole tips. 


2. Low magnetic energy means very rapid increment or decrement of 
flux to meet changed conditions; and also the absence of oscillations 
where a large external self-inductance is used. 


3. Oscillations are due primarily to the fact that the magnetic energy 
stored in the field is about equal to that in the reactance. This condition 
should be avoided; the energy stored in the reactance should be much 
greater than that stored in the field. 


4. To store a large amount of energy, the reactance should have many 
turns, and a fairly long air-gap. (It may be made of cast iron, or cast 
steel.) 


5. .It is common practise to use for this purpose the reactance of the 
armature circuit due to the cross-flux. This is bad practise because: 
(a) The necessity for a short air-gap has just been pointed out in the 
interests of low stored field energy. (b) If there are many armature turns 
with a short air-gap, the cross-flux will produce high saturation, tending to 
increase the stored field energy. (c) If the pole arc is wide this cross-flux 
will create sparking. (d) If we reduce the pole arc to avoid this, we reduce 
the reactance formed by the cross-flux and increase the reluctance of the 
field. (e) A concentrated interpole winding diminishes the effectiveness 
of the machine as a reactance. 


6. Because of this, it is better to use a neutralizing winding or distributed 
interpole, completely abolishing the cross-flux, and to have the reactance 
in separate form. The endeavor to combine the conditions for maximum 
reactance and the opposite conditions for minimum field energy mean 
that neither set of conditions can be met satisfactorily; only separate pieces 
of apparatus can satisfy both in the best possible manner. 


7. Even with a purely separately-excited machine this is true. If 
there is a shunt coil in addition, the placing of the reactance external to 
the tapping points of the shunt circuit has the further advantage of shield- 
ing the shunt winding from the rapid oscillations of the arc. 


8. Owing to lag caused by the self-induction of the main field, connecting 
the shunt winding directly across the arc does not enable it to follow rapid 
variations, although it can follow fairly slow ones. It is therefore better 
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Fig. 4. Combined welding generator and induc- 
tion motor with slotted stator 
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to rely upon the reactance to deal with rapid variations, and shield the shunt 
winding from them. 


9. The lower the field energy and the higher the field resistance, the 
more rapid are the variations which can be followed. 


10. The higher field resistance also tends to check oscillations but 
more power is required for excitation, and in a machine with a shunt circuit 
it is desirable that the field resistance be such as will give the constant- 
current condition. It seems better therefore to rely on other means; 
namely, low field energy, and high external reactance to avoid oscillations, 
and not connecting the shunt circuit directly across the arc. This last is 
perhaps a point of secondary importance, and one to which some difference 
of opinion might be allowed. 


11. Leakage self-induction in the shunt or separately-excited circuit 
prevents rapid response by permitting the shunt current to vary at a 
different rate from the armature current. Such leakage is the sole cause 
of these variations. 


12. If there is no leakage between the series coil and the shunt or 
separately-excited coil, all currents must vary at exactly the same rate 
making ‘‘sluggishness’’ impossible. 


Welders designed in this way may be built conve- 
niently with slotted stators, although thisis not necessary. 
This construction renders it possible to reduce greatly 
the cost of a welding set by combining thetwelding 
generator itself with an induction motor in the same 
magnetic structure. It can be accomplished as shown 
in Fig. 4. The two machines are arranged for different 
pole numbers, circuits belonging to the welding genera- 
tor being at the back of the slots while those of the 
induction motor are at the front. The rotor has an 
ordinary d-c. winding suitable for the welding generator 
and fitted with equalizers. Through these equalizers 
the secondary currents of the induction motor flow, 
and in this way are prevented from appearing at the 
commutator at all. An illustration of the complete 
apparatus as built with vertical shaft is given in Fig. 5. 


Fig. 5. Complete neutralized d-c. welding set 


built with vertical shaft 
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Some Effects of 
Unbalanced Faults 


Line-to-ground voltage in three-phase 
grounded-neutral electric power systems 
under fault conditions often may be greater 
than the line-to-line voltage. This and 
numerous other important relations are 
shown by an investigation of the wide range 
of power-system voltages and currents exist- 
ing under fault conditions. 


Si THE INTRODUCTION of the 
method of symmetrical components as a powerful tool 
for the solution of electric-circuit problems, it has been 
used in many system analyses. Utilizing symmetrical 
components, this article shows by means of curves and 
tables the full range of fundamental-frequency voltages 
and currents obtained in a three-phase system under 
various fault conditions; it discusses also certain phases 
of application such as grounding and circuit-breaker 
duty, and points out the not generally appreciated 
existence of certain abnormal values in typical systems. 

In terms of symmetrical components any symmetrical 
system is defined and described fully by the generator 
voltages and the positive-, negative-, and zero-sequence 
impedances. Thus, Fig. 1 shows the equivalent dia- 
grams of a system for three-phase, line-to-line, single- 
line-to-ground, and double-line-to-ground short circuits. 
Since the system is symmetrical, identical values of 
voltage and current are obtained for any one type of 
short circuit regardless of which particular phases are 
faulted; details of the analytical work are simplified for 
any one type of short circuit, however, if the reference 
phase (phase a) is the one which is open when the other 
two phases are faulted, and vice versa. Fig. 2 shows 
the sequence network connections from which the com- 
ponents of current and voltage of phase a are computed; 
and from these latter, in turn, the components for 
phases b and ¢ are obtained readily. Because of the 
large number of possible variables it is desirable before 
drawing up curves illustrating the ranges of voltages 
and currents to make certain common assumptions ana 
simplifications. For instance, it is assumed that the 
system is short-circuited from no-load and internal 
generator voltages equal and in phase; that the system 
is without shunt capacitance; and that short-circuit 
currents are limited only by (inductive) reactance 
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From ‘Power System Voltages and Currents Under Fault Conditions,”’ 
(No. 31-59) presented at the Middle Eastern District meeting of the 
A.I.E.E., Pittsburgh, Pa., March 11-13, 1931. 
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except in the ground-current path, where resistance 
also is considered. For the sake of generality the 
sequence impedances are expressed as ratios to the 
positive-sequence reactance, the latter being that which 
determines the three-phase short-circuit current; cur- 
rents are expressed as ratios to the three-phase short- 
circuit current, a convenient reference quantity; 
voltages, both line-to-ground and line-to-line, are 
expressed as ratios to their respective normal values. 
Thus for a given system the curves may be used by 
computing the ratios of sequence impedances. 


TABLE I—LIST OF SYMBOLS 
(See Illustrations) 


a ————————————EEEEE———————— ee 


a. b,c = the three phases of a three-phase system in which normal 
phase sequence is a, b, c. 
Eg, Eb, Ec = line-to-ground voltages at point of fault. 
Eabd, Ebc: Eca = line-to-line voltages at point of fault. 

Ee = generated positive-sequence voltage of phase a, at the 
source; when several machines are involved, this 
becomes an equivalent generated voltage. (Studies of 
Transmission Stability, by R. D. Evans and C. F. Wag- 
ner, A. I. E. E. Trans., 1926, Vol. XLV, pp. 73 and 79.) 


E, = positive-sequence voltage at point of fault. 
Ig, Ip. Ic = line currents at point of fault. 
Ig =groundcurrent at point offault. (= 3 Jo) 
Ig = zero-sequence current at point of fault. 
R = fault resistance. 
R, = fault resistance affecting directly the flow of ground cur- 


rent of a double-line-to-ground fault. 

Ru = fault resistance in each of the faulted phases of a double- 
line-to-ground fault. 

Ro = zero-sequence resistance (per phase). 


Ri = positive-sequence resistance (per phase). 
R2 = negative-sequence resistance (per phase). 
Xo = zero-sequence reactance (per phase). 

Xi = positive-sequence reactance (per phase). 


Xe = negative-sequence reactance (per phase}. 
Zo = zero-sequence impedance (per phase). 

Z, = positive-sequence impedance (per phase). 
Zz, = negative-sequence impedance (per phase). 


Nore: All currents, voltages, and impedances listed above are scalar 
quantities; an inverted circumflex (Z,) above any symbol indicates the 
vector form, which may be expressed in terms of complex numbers. 


The titles and legends make the curves practically 
self-explanatory. (A list of symbols is given in Table 
I.) Voltages and currents at the fault location are 
shown in Figs. 8 to 7 inclusive. In Fig. 3 all resistances 
are taken equal to zero, voltages and currents being 
plotted as functions of the sequence reactances. Since 
in a resistance-grounded system the zero-sequence 
resistance is an important factor in Figs. 5 and 6 this 
is taken as a variable. In these two illustrations only 
the curves for the case of positive- and negative- 
sequence reactances being equal (X: = X2) are given 
here. Positive- and negative-sequence reactances are 
equal for symmetrical static networks, but rotating 
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machines in a system may cause these reactances to 
differ. Table II summarizes the ranges of voltages and 
currents shown in these figures. 


TABLE II—RANGE OF FAULT CURRENTS AND VOLTAGES 


Type of Current ratio* Voltage ratio 
fault Line Ground L-Gt L-Lt 
b ao) beat ae O69 —-T 5, siciencnartun eet tecole ee 0.67—1.20....0.58—1.04 
THGtinn eee 0.00—2.00....0.00—2.00....0.58—1.97....0.67—1.20 
DEHGs ic ictess 0.69—2.02....0.00—3.00....0.00—1.80**...0.00—1.04** 
Ri Ro 2 Ro x 
Based on Sei a eee 0 OES x co 
a Xe 2 Xo ss 
an Xy =0.5to1.5 0 Xi co 


*Reference is the three-phase short-circuit current. 
t+Reference is the normal line-to-neutral voltage. 
tReference is the normal line-to-line voltage. 
*kThese voltages are identical; only the line-to-ground voltage curves 
have been plotted. 


One of the most important facts brought out by these 
curves is that the line-to-ground voltage may rise to 
a value of 190 per cent of normal (somewhat greater 
than the normal line-to-line voltage), a fact not generally 
appreciated. It is interesting to note that the ratios of 
line and ground current to the three-phase short-circuit 
current may be as great as 1.5 and 3.0, respectively; 
also, that the ground current of a double-line-to-ground 
fault may be much greater than the maximum value of 
a single-line-to-ground fault. Some of these values 
are still greater for cases (not shown here) where the 
negative-sequence reactance is not equal to the posi- 
tive-sequence reactance. 

It is pertinent to say (as the curves show in part), 
that generally the maximum values of fault currents 
are obtained with low values of zero- and negative- 
sequence reactances; and correspondingly, that the 
maximum values of voltages occur with high values 
of zero- and negative-sequence reactances; for zero- 
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Types of faults on three-phase systems 


sequence resistance (Ry), however, such is not the case; 
maximum values of currents and voltages are obtained 
mostly with intermediate values of Ry. Also it may be 
noted that the adding of zero-sequence resistance to a 
system having no resistance increases the line current 
on a double-line-to-ground fault; consequent increase 
of this resistance reduces line currents as well as ground 
currents, but increases line-to-ground voltages. 


SYSTEM PERFORMANCE 


From the foregoing it is evident that two systems of 
the same voltage having identical values of three-phase 
short-circuit current for particular fault locations may 
have radically different voltages and currents for 
unbalanced faults. Line currents are important because 
of the mechanical stresses which they set up in rotating 
machines, transformers, reactors, circuit breakers, and 
bus structures. High voltages are important because 
of the stresses produced by them on apparatus or line 
insulation, as well as on lightning arresters. In circuit- 
breaker and relay applications combinations of voltage 
and current are important. Certain applications 
require consideration not only of the symmetrical 
effective values of voltages and currents as given but 
of asymmetrical components, machine harmonics, and 
high-frequency oscillations resulting from stored energy 
changes. Some aspects of certain general system 
problems will be discussed briefly: 

The general classification of systems with respect to 
grounding is (1) ungrounded, (2) grounded through 
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(c) Single Line-to-Ground Fault (L-G) * (d) Double Line-to-Ground Fautt (2L-6) 


Fig. 2. Equivalent networks for four types of faults 
on three-phase power systems 
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mpedance (resistor or reactor), and (3) free neutral. 


(For the purpose of this classification, a system grounded through neutral 

eactance resonating with line capacitance may be viewed as a free-neutral 
ystem, since the object of the reactance is to nullify line capacitance; in 
his paper the phenomena of arcing grounds is not treated, and in general 
he grounding impedances are assumed to be so low that arcing grounds 
re avoided.) 
t is a fact, however, that actually the zero-sequence 
mpedance of a direct-grounded system may be higher 
han that of a system of similar capacity and extent 
which is grounded through a neutral impedance of low 
value. Obviously, the classification given is unsatis- 
actory since it takes into account only the impe- 
lance between ground and neutral points of certain 
dieces of apparatus, instead of the total effective zero- 
sequence impedance which includes line and apparatus 
mpedance as well as that of grounding resistors and 
eactors. 

A much more accurate classification of systems with 
espect to grounding is suggested by Figs. 3 to 6. The 
surves as given cover the full range of system grounding 
rom a direct-grounded system to a free-neutral sys- 
em, and suggest that the ratio of zero-sequence vmpedance 
0 positive-sequence reactance be used as a criterion or 
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Fig. 3. (Above) fault currents vs. system reactances 


and (below) fault voltages vs. system reactances 
for single- and double-line-to-ground faults 

Currents (above) are expressed as a ratio to the three-phase 

short-circuit current. Voltages (below) are line-to-ground 


values and are expressed as ratios to the normal line-to-neutral 
voltages. R, = Ro = Ro = Oinall cases 
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CURRENT VOLTAGE 
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Fig. 4. Fault current and voltages vs. system 
reactance for line-to-line fault 


Current is expressed as a ratio to the three-phase short-cir- 
circuit current; voltages are expressed as ratios to their respec- 
tive normal values 


measure of the ‘degree of grounding,” low values of this 
ratio corresponding to a solidly-grounded system and 
high values to a free-neutral system. Hence, the 
criterion is not one by which to determine whether there 
is an impedance between one or more neutral points 
and ground but, more accurately, whether the ratio 
of zero-sequence reactance or resistance to positive- 
sequence reactance is high or low. For convenience 
this ratio is called the ‘‘zero sequence impedance ratio.” 
Various methods of grounding a system have rather 
complicated effects on stability limits. Decrease in 
positive-sequence voltage may cause an underexcited 
and overloaded synchronous machine to pull out of 
step without causing the system as a whole to lose 
synchronism. At various times it has been suggested 
that the positive-sequence voltage at the fault location 
is a measure of the stability of a system under fault 
conditions. Accordingly, Fig. 7 has been plotted to 
show the range of this voltage for single- and double- 
line-to-ground faults respectively. Voltage is plotted 
as a ratio to the normal line-to-neutral voltage, and 
impedances are expressed as ratios to the positive- 
sequence reactance. : 


CIRCUIT-BREAKER OPERATION 


The effective current flowing through a pole of the 
breaker before it opens, and the effective voltage 
occurring across that pole after opening are used often as 
a measure of the duty imposed in opening a short cir- 
cuit. It should be clearly realized that this measure 
does not take all factors into account. Dr. Joseph 
Slepian has pointed out that the most significant factor 
is the rate of restoration of voltage at the instant at 
which the current passes through zero. 

The phenomenon of are extinction has been likened 
to arace between the build-up of voltage, and the deion- 
ization of particles in what was the are stream before 
the arc was extinguished. Recovery voltages are 
affected by the presence of asymmetrical currents, 
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Fig. 5. Fault currents vs. system impedances for different types of faults 


Curves in each group are for various values of the ratio Xo/Xi. All currents are expressed as a ratio to the three-phase short-circuit current 
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Fig. 6. Fault voltages vs. system impedances for different types of faults 


Curves in each group are for various values of the ratio Xo/X). All voltages are expressed as ratios to their respective normal values 
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Fig. 7. Positive-sequence voltages at the fault vs. system impedances for (left) single-line-to-ground and 
(right) double-line-to-ground faults 


Curves in each group are for various values of the ratio Xo/X,. All voltages are expressed as ratios to the normal line-to-neutral voltage 
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machine harmonics, and high-frequency oscillations, 
but any of these may either increase or decrease the 
rate of restoration of voltage; hence, it probably is true 
in comparing two similar systems of the same voltage 
and equal three-phase short-circuit current that the 
system with the highest effective recovery voltage for 
fault conditions will have the highest rate of change of 
voltage at the critical point of the wave. Regardless 
of whether the product of the effective current before 
the pole opening and the effective voltage after the pole 
opening may be taken as a measure of breaker duty, 
this product appears to be suitable as a measure of the 
influence of the sequence impedances on circuit breaker 
duty. 

For the various steps possible in the clearing of 
the different types of faults the aforementioned prod- 
uct has been computed and plotted in Fig. 8. This 
product is obtained from the curves of Fig. 3. For 
example, with a three-phase grounded short circuit, the 
opening of the first pole changes the fault from a three- 
phase to a double-line-to-ground fault and the product 
is of the three-phase short-circuit current and the volt- 
age of the double-line-to-ground fault. The ordinate 
of Fig. 8 is the ratio of the product of voltage and cur- 
rent for a particular pole to the corresponding product 
of the three-phase short-circuit current and the normal 
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Fig. 8. Circuit-breaker kva. vs. sequence reactances 


for X1 = Xe 


Each curve shows the kva. for a pole the opening of which. is 
one particular step in clearing a fault; curve labeling indicates 
number of poles closed both before and after this opening, and 
whether fault is grounded or free from ground (G or F). Ordi- 
nates are ratios of the product of the symmetrical r. m.s. 
current through a pole before opening and the voltage after 
opening, to the product of the three-phase short-circuit current 
and the normal line-to-neutral voltage. All resistances are 
taken equal to zero 
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line-to-neutral voltage; the abscissa is the ratio of zero- 
sequence to positive-sequence reactance. For the sake 
of simplicity all resistances have been assumed as zero 
and curves are shown only for the case of positive- and 
negative-sequence reactances being equal. 

The curves of Fig. 8 indicate that under some con- 
ditions any tendency for one pole to open before the 
others becomes augmented as a result of the increased 
duty imposed on the last poles to open (regardless of 
the fact that the breaker may be in proper adjustment). 
This may be compared to a state of unstable equilibrium. 
The following points are salient: (1) when zero-, positive-, 
and negative-sequence reactances are equal the circuit 
breaker kva. per pole is independent of the type of 
fault or the sequence of opening; (2) for any other ratio 
of zero-sequence to positive-sequence reactance the 
maximum kva. per pole is increased for some one step 
in the sequential opening of a breaker on a three-phase 
fault. Thus there may be a wide range of values of the 
kva. per pole when clearing faults, depending upon the 
type of fault, sequence of pole opening, and the sequence 
impedance ratios. 


COMPARISON OF GROUNDING METHODS 


The previous analysis shows definitely that the fault 
voltages or currents may be taken as factors indicative 
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Fig. 9. Typical curves for system grounding study. 
Fault currents and voltages vs. zero-sequence 
reactance ratio for system in which X: = X: and all 


resistances are negligible 
Ordinates are fault currents and voltages; currents are ex- 
pressed as ratios to the three-phase short-circuit current; 


voltages as ratios to the normal line-to-neutral voltage. These 
curves were derived directly from Figs. 3, 4, 5, 6, and 7 
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of certain aspects of system performance, and that they 
are determined mainly by the value of the zero-sequence 
impedance ratio. Obviously a preferred value of this 
ratio depends upon the weight given to the various fac- 
tors and upon the particular system involved. Fig. 9 
illustrates the use and value of the foregoing analysis 
as applied in a study of system grounding. It is im- 
portant to note that (1) as the ratio of zero-sequence to 
positive-sequence reactance varies from 0.to 1, the 
disadvantages decrease and the advantages increase 
while, (2) as this ratio goes above 4 there is relatively 
little of either gain or loss. Hence, the preferred range 
of the zero sequence impedance ratio appears to be from 
1 to 4. 


Fundamental Basis 
to Distance Relaying 


For single-line protection, with the excep- 
tion of pilot-wire, or superposed high- 
frequency methods, distance relays form 
the nearest approach to the theoretically 
ideal system. Except for errors due to fault 
resistance, these relays operate accurately 
according to the relative distance to faults. 


By 

W. A. LEWIS Westinghouse Elec. & Mfg. 
Associate A. I. E. E. Co., East Pittsburgh, Pa. 
L. S. TIPPET (Formerly) West. Elec. & 


Non-member Mfg. Co., East Pittsburgh, Pa. 


A, IDEAL SYSTEM of relays for 
the protection of a sectionalized transmission line is one 
capable of dividing into two classes all faults on the lines 
it protects; in one, those faults occurring between the 
relay and the next sectionalizing point; and in the other, 
all other faults. It should also be capable of making 
this classification instantaneously. If a fault falls into 
the first class, the circuit breaker may be tripped imme- 
diately, thus reducing damage at point of fault and 
shock to the system; in general, permitting operation 
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From ‘“‘Fundamental Basis for Distance Relaying on Three-Phase Sys- 
tems,” (No. 31-61) presented at the A. I. E. E. winter convention, New 
York, Jan. 26-30, 1931. 
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Fig. 1. Ideal and practical characteristics for 


distance-relaying systems 


nearer the stability limit. If the fault falls in the 
second class, the circuit breaker would not be tripped or 
tripped only after a time delay which is great in com- 
parison with the time required for breaker operation. 

Exclusive of pilot wire or superposed high-frequency 
methods, the closest approach to this ideal for single 
line protection is attained by the use of distance relays. 
For parallel-line protection a somewhat closer approach 
to the ideal has been obtained by balanced-current 
relays; but additional protection is required for single- 
line operation and to care for the possibility of simul- 
taneous faults on both lines, for this distance relays are 
well suited. Hence, if the distance relays can be made 
sufficiently aecurate and rapid, the use of the balanced- 
current relays is non-essential. 

Since distance relays cannot indicate with 100 per 
cent accuracy the distance to the fault, an additional 
intermediate class of faults must be introduced (see 
Fig. 1) comprising those which occur near the end of 
the section on both sides of the sectionalizing point. 
If a fault falls into the intermediate class, there is intro- 
duced a time delay sufficient to allow a breaker at the 
next sectionalizing point to trip in response to its relays 
which operate instantaneously; if the fault is just 
beyond the next sectionalizing point, it will fall into 
the first class of faults for the relays located at that 
point, and the fault will be cleared by the opening of 
the breaker at that point, allowing the first relay to 
reset; if the fault is just within the section, the relay 
at the original station will operate at the expiration of 
the time delay. Thus the final classification of faults 
falling in the intermediate class is made with the assis- 
tance of other breakers and relays. 

In order to strike the boundaries of the intermediate 
class, it is convenient to call the points at which faults 
must occur “balance points,” since the relays must just 
balance between one type of operation and another for 
faults at these points. 

Distance relays may be of either the impedance or 
reactance type, operating on the indicated impedance 
or reactance of the circuit from the relay to the fault, 
obtained by comparing the voltage and current at the 
relay location. These indicated impedances and reac- 
tances are approximately proportional to the distance 
from the relay to the fault. They do vary somewhat, 
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Fig. 2. Improved distance-relay connections for 
line-fault protection using delta-connected relays 
and zero-sequence filter 


however, causing the locations of the balance points to 
shift accordingly. The greater the variation in balance 
point location, the larger the intermediate class must be 
made, and the greater are the departures from the ideal 
protection. If the variations in balance-point location 
are too great, this type of protection cannot be applied. 
It is, therefore, important to determine the causes of this 
shift in balance point and to develop methods of reduc- 
ing or eliminating it. 

For protection against line faults involving two or 
more line conductors, conventional relay connections 
make use of the line-to-line voltage and the line current 
which lags the voltage by 30 deg. at unity power factor. 
Analysis shows that both the indicated impedance and 
reactance are subject to variations for a fault in a given 
_ location dependent upon the fault resistance, current 
feeding the fault from the opposite end of the section, 
current in the remaining conductor, and current in the 
earth or other grounded paths. Variations in the bal- 
ance points are, therefore, due to the same causes. 
Further analysis reveals that if ‘‘delta currents’ ob- 
tained either by connecting the current transformers in 
delta or the current windings of the relay in delta with a 
suitable zero-sequence filter are used for relaying, (see 
Fig. 2) the two latter causes of variation are eliminated. 

For protection against faults involving ground, con- 
ventional relay connections make use of line-to-ground 
voltage and line current. An analysis of this type of 
fault shows that the indicated impedance and reactance 
are subject to variations due to the fault resistance, the 
current feeding the fault from the opposite end of the 
section, the current in the other conductors, the mutual 
impedance between two parallel lines, and the difference 
between the impedance to balanced three-phase cur- 
rents, or positive-sequence impedance and the impe- 
dance to balanced ground current or zero-sequence 
impedance. Further analysis shows that all of these 
effects except the first two may be substantially com- 
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Fig. 3. Improved distance-relay connections for 
single-line-to-ground faults using current 
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Fig. 4. Improved distance-relay connections for 
single-line-to-ground faults using voltage 
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pensated, so that variations are produced only by fault 
resistance and the fault current feeding the fault from 
the opposite end of the section. This compensation 
may involve modifying either the current or the voltage 
in proper proportions. (See Figs. 3 and 4) 

Thus, by the use of suitable methods, either the im- 
pedance or reactance type of distance relay for either 
line or ground faults may be made to measure accurately 
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the distance to the fault except for the effects of fault 
resistance, the current from the opposite end of the 
section affecting the relays only when fault resistance is 
present. The effect of fault resistance may be repre- 
sented by adding vectorially to the proper line impe- 
dance a resistance equal to the fault resistance, and a 
second term equal to the fault resistance multiplied by 
the vector ratio of two currents, these latter being 
functions of the currents feeding the fault from the two 
ends of the section, or their symmetrical components. 
Since the line impedance is generally principally reac- 
tive, the two resistance terms will add approximately at 
right angles, thus causing only moderate increases in the 
magnitude of the sum, unless the resistance terms are 
very large. The impedance relay operates on the mag- 
nitude of the sum of the three terms. This increases 
slightly with increasing fault resistance, and causes the 
balance points to shift toward the relay. On the other 
hand the reactance relay operates on the reactive com- 
ponent of this vector sum, and is therefore unaffected by 
the first fault-resistance term. If the two currents 
involved in the ratio are not in phase, the second fault- 
resistance term will have an apparent reactance which 
may be positive or negative depending upon which 
current is leading, so that the balance point may be 
shifted in either direction. Although generally the 
shift will be smaller than that produced by the same 
resistance using an impedance relay, the fact that it 
may be in either direction must be taken into account. 
Where fault resistances are moderate, as on most line 
faults if cleared rapidly, the total variation in balance 
point will often be quite comparable for the two types 
of relays. On ground faults the fault resistances are 
generally higher, so that some form of relay which is 
substantially independent of resistance is generally re- 
quired, and accuracy thus reduced. 


It should be pointed out that the design of the relay, 
its simplicity, reliability, and speed of operation, as well 
as possible accuracy, must be considered in choosing 
the type of distance relay to be used for a given pro- 
tection. 


From this analysis the following conclusions may be 
drawn: 


1. Conventional methods of distance relaying are subject to errors other 
than those caused by fault impedance. 


2. These errors may be eliminated in relays protecting against Jine faults 
by the use of ‘‘delta relaying,’’ obtained either by connecting the current 
transformers in delta or by connecting the current windings of the relays in 
delta, using a suitable zero-sequence filter. 


3. These errors may be eliminated in relays protecting against ground 
faults by the use of current or voltage compensation, and therefore if the 
impedance of the section being protected is sufficiently great distance relay- 
ing is suitable for ground fault protection. 


4. Errors introduced by fault impedance, comprise the chief limitation 
in the application of distance relaying, but these decrease with increasing 
section impedance. This limitation affects distance relays of both the 
impedance and reactance types, although to different extents. 


5. Distance relaying may be made to approach even more closely the 


desired relaying ideal, and within the limits of its application it should give 
satisfactory protection regardless of generator capacity or system conditions. 
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Shallenberger Personal 


Memoranda Discovered 


A MEMORANDUM of Oliver B. Shallen- 
berger, personally handwritten, and recently come to 
light, gives an interesting glimpse of the electrical busi- 
ness forty years ago. The man who left this penciled 
notation was one of the pioneer electrical engineers of 
the then infant Westinghouse company and was active 
in many major projects that did much to shape the 
course of the industry. 

A young man when he first entered the electrical 
industry from the Navy after a course at Annapolis 
where he specialized in physics and electricity, he was 
still a young man when he died at the age of thirty-eight 
after fourteen years of creative effort. 

His invention of the meter was in 1888 under very 
unusual circumstances and at a time when at least one 
justifiable criticism of alternating current was that there 
was no meter for measuring it and no motor to be used 
with it. In assembling a new form of are lamp for test, 
a small spring dropped down between an actuating coil 
and an iron core; Shallenberger, standing near, noticed 
that the spring began to turn slowly and he restrained 
the attendant from picking it up with, ‘“‘Let’s see what 
makes the spring revolve.’”” He saw and exclaimed, 
““There’s a meter in that—and perhaps a motor!” 

Shallenberger was at that time 28 years old. In 
1889 he was sent abroad by his company to study 
European central stations. In 1891 he resigned because 
of ill health and spent several winters in Colorado, @ 
victim of tuberculosis. 

While in the West he conceived the idea of transmit- 
ting power from Canon City to the famous mining camp 
at Cripple Creek. In 1890 he had helped to promote 
the Telluride project of carrying power three miles—a 
revelation at that time; in 1897 he formed the Coloradc 
Power Company of which he was president until his 
death. | 

Part of the time after his resignation was spent work: 
ing in his own laboratory in Rochester, Pennsylvania| 
and it was there that he studied the Cripple Creel 
transmission and made the notations that have beer 
discovered. 

On one side of the memorandum are listed machine 
and equipment with prices, weights, and freight cost: 
which form an interesting comparison with moder 
apparatus. Three 470-kw. dynamos are priced ai 
$9,000 each and weighed 37 tons. Present-day m 
chines of corresponding rating would cost about $6,50/ 
and weigh 17.5 tons. A lightning arrester of the typ 
he priced at $178 would cost now only about $75. 

On the reverse side of the same memorandum ar 
notations pertaining to rates and data on an expect 
electric lighting load, “current 23c. kw-hr., arc lam 
at $15 a month,” ete.—Contributed. 
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Power Supply for 
Telephone Service 


Automatic regulating and control equip- 
ment is finding increasing use in telephone 
power plants, giving more exact per- 
formance, increased reliability and reduced 
maintenance. Certain regulating equip- 
ment and a few of the unit-type automatic 


power plants recently developed are 
described. 

By 

R. L. YOUNG American Tel. & Tel. 


Member A. I. E. E. Co., New York 


R. L. LUNSFORD 


Member A. I. E. E. 


Bell Tel. Laboratories, 
Inc., New York 


Oe ee and reliability of service 
have been keynotes guiding development of tele- 
phone power plants for many years. Duplicate equip- 
ment, reserve storage batteries, and emergency sources 
of power supply are regularly provided as required. A 
review of data available in some metropolitan districts 
indicates that a high percentage of continuous perform- 
ance has been obtained during the past twenty years, 
exceeding 99.999 per cent of full time. 

Provision for quick change from regular to reserve 
units is required, of course, while voltage regulation of 
the d-c. supply and frequency regulation of signaling 
machines are necessary for proper performance of the 
telephone equipment. These requirements point to 
the use of automatic regulating equipment and auto- 
matic power-plant operating arrangements to as large 
an extent as practicable, particularly since continuous 
service must be maintained both day and night. 

Installations of automatically-controlled power equip- 
ment in small telephone offices at several towns in 
Pennsylvania were made during 1917 to make continu- 
ous attendance by plant employees unnecessary, par- 
ticularly over week-ends. Signaling hydrometers in 
the two main storage batteries controlled an auto- 
matically started mercury arc rectifier to recharge the 
batteries as necessary. Alarms were provided to indi- 
cate any failure of equipment or abnormal discharge. 

Modern automatic power plants in small offices fol- 
low somewhat similar lines except that rectifiers of the 
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hot-cathode tube type or the dry copper-oxide disk 
type are employed, and control ofcharging is by means of 
an improved type of ampere-hour meter. Control of 
output voltage is frequently by relays which introduce 
counter cells. For larger offices is employed motor- 
generator equipment controlled by an ampere-hour 
meter, or where continuous floating at a fixed voltage is 
used, by various other means to bring in additional 
generators when the load requires them, most of the 
latter being still upon a trial installation basis. 

The considerable variations in load current which 
must be furnished by the power plant are illustrated in 
Fig. 1, which pictures the daily load cycles in offices of 
several classes. Although the power required to carry 
a voice current over a telephone line is surprizingly 
small, it is not realized sometimes that the equipment 
necessary to accomplish this and to operate mechanical 
switching devices, signaling lamps, and other equipment 
in large offices with much traffic is considerable. 

In Group D, (Fig. 1) for example, two-thirds of a 
million calls were handled during the day by three 
metropolitan office units operated from one power 
plant. Group E with a peak of 5,300 amperes at 24 
volts represents the load of long distance switchboards 
and repeaters distributed over ten floors, this load being 
supplied by motor-generator sets having combined ca- 
pacity of 10,200 amperes while the storage battery has 
a rating of 34,880 ampere-hours and weighs 111 tons. 
Some 500 hp. is required to drive these generators, while 
an additional 300 hp. is provided for 130-volt telegraph 
and repeater plate generators not shown on this group. 
An additional 215 hp. is provided for a vacuum-tube 
system to handle message slips. Part of the installed 
horsepower is on reserve equipment. Two other tele- 
phone power plants are in the same building. It might 
be mentioned that primary power is purchased from 
the public service companies and nearly all of it is then 
converted into other forms suitable for telephone use. 

A brief statement of the means employed for regu- 
lating the voltage of the main d-c. power supply may 
be of interest, since this has assumed considerable im- 
portance from the standpoint of proper circuit opera- 
tion, especially in dial offices where the automatic- 
switching equipment requires regulated power, and in 
repeater offices where the vacuum-tube amplifiers must 
have regulation to insure uniform transmission gain and 
long life of tubes. 

Many years ago a single-battery group was employed, 
and when the output voltage was regulated, counter- 
e. m. f. cells were cut in during battery charging and at 
other times when necessary. With the adoption of 
duplicate batteries and the continuous floating system 
under which all the current is supplied to the load from 
the generators while batteries are held in standby 
service, an improvement in voltage regulation was ob- 
tained, the normal daily variation of a 24-volt battery 
being reduced from about seven volts to two volts. To 
reduce the two-volt range obtainable with hand ad- 
justment of the generators, an automatic voltage regu- 
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lator having several novel features was developed. 
One of these regulators with case open is shown in 
Hig. 2. 

Commercial regulators available were not found 
satisfactory in this service since considerable ‘“‘hunting”’ 
resulted from the slow response of voltage in a floated 
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Fig. 1. Typical daily load variations in business, 

long distance, and residence telephone offices; 

morning and afternoon business peaks may be noted 

as well as the evening residential peak and the 

pick-up in long distance business as stimulated by 
reduced evening rates 
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storage battery to changes of current flowing into it. 
This regulator includes a solenoid-operated voltage 
element contacting at intervals with a cam disk driven 
by asynchronous clock motor. The contacts are made 
for short periods at intervals of ten seconds, the duration 
of contact varying with the amount that the main- 
battery voltage is deviating from normal. A reversible 
motor drives a rheostat which varies the field excitation 
of the charging generator. This regulator is usually 
adjusted to maintain the voltage on the service bus-bars 
within about + 0.15 volt. Simpler types of regulators 
are used on smaller installations. 


TYPICAL UNIT-TYPE AUTOMATIC POWER PLANTS 


In the development of these plants the smaller and 
less complicated plants were naturally attempted first; 
those for small private branch exchanges of the dial 
type, which were required in considerable number, 
received early attention. The dial exchange has no 
operators and everything must be done mechanically 
or, more properly, electrically, obviously requiring a 
more complex power plant than that of the manual 
P. B. X. or even of the small manual central office. In 
addition to a source of direct current which will con- 
tinue reliable during short periods of power failure and — 
which will be regulated as to voltage, it is necessary to 
provide alternating current for ringing telephone bells; 
also a variety of tones and signals for information and 
supervisory purposes. A plant which is typical of 
several types developed for this general class of work is 
shown in Fig. 8. The plant is assembled as a unit with 
batteries in the lower cabinet and control equipment 


including fuses, meters, switches, relays, ringing ma- 


Fig. 2. Cam-type automatic voltage regulator for 
large machines and batteries 
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Fig. 3. Automatic power plant for dial private 
branch exchange; capacity 44-50 volts, 2.5-5 
amperes 


chine, and automatic voltage control in an upper 
cabinet; the charging rectifiers are mounted above. 
In small plants the single rectifier is mounted within 
the cabinet. Storage batteries are of a type assembled 
in groups of three cells in a glass case and are equipped 
with indicators to show the approximate condition of 
charge. 

Counter e. m. f. cells used for voltage control in the 
small plants having but a single battery are of a new 
type using nickel electrodes and alkaline solution. 
Neither plates nor solution are affected chemically 
during operation, so that the maintenance consists 
largely in adding water to replace electrolysis loss. 
The small panel-mounted ringing machine is of the 
inverted rotary-converter type with motor element 
operating upon the battery and the a-c. output fed toa 
step-up transformer arranged to give the proper operat- 
ing voltages at about twenty cycles. This machine 
has automatic control, starting when a receiver is lifted 
from the switch hook and stopping after completion of 
the call. It is equipped with jack-and-plug connec- 
tions for ready replacement by a spare machine when 
maintenance is required. 

In this plant the charging equipment is arranged for 
continuous operation at an output which will carry a 
large percentage of the busy-hour load and will return 
to the battery during the light-load periods whatever 
discharge has been taken plus additional current to 
offset battery loss. A sensitive voltmeter-type relay 
actuating a solenoid-type switch automatically cuts in 
or out the counter cells to keep the terminal voltage 
within a proper range. One or two three-ampere 
rectifiers of the hot-cathode type are provided as 
required. 
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Fig. 4. (Left) Typical small plant for supplying 
vacuum-tube plate circuits; 125-135 volts, 50-200 
milliamperes. (Right) Small plant for ringing and 
transmitter supply; 75-100 volts, 20 cycles and 8.5 
volts direct current, 20 or 40 ampere-hours 


Several plants have been designed to supply energy 
economically to plates and filaments of repeater tubes, 
and to other equipment when such energy is not avail- 
able from regular central office power plants. In order 
to match more nearly the appearance of the repeater 
equipment with which these are usually associated, the 
equipment is mounted on floor-supported vertical 
channels, which carry shelves and panels. Enclosing 
covers are being developed for use in locations where 
appearance will justify the added expense or where 
additional protection is desirable. 

Several small 130-volt plants having a range in ca- 
pacity from 50 to 80 or from 50 to 200 milliamperes, 
and larger plants. with a capacity range from 5 to 20 
amperes, are included in this series, of which a typical 
one is shown in Fig. 4. The smaller equipments use 
copper-oxide rectifiers and reserve batteries of block- 
type dry cells automaticaly connected into circuit upon 
failure of the regular power service. An unusual ar- 
rangement is employed, the dry cells being connected 
across the rectifier in series with a copper-oxide disk 
assembly acting as a valve which permits a very small 
current to trickle into the cells under normal conditions 
and interposes but little resistance when the cells pick 
up the load, automatically sending the current in the 
reverse direction during power failure. . 

The larger sized plants use small storage cells as 
reserve and also use rectifiers of the hot-cathode type. 
A 24-volt, 8-ampere plant for filament supply is like- 
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wise available, and similar plants of other ratings are in 
process. 

Where current demands are heavier, the amount of 
energy involved and the sizes of batteries warrant the 
use of ampere-hour meters to start and stop the recti- 
fiers automatically upon a schedule which insures that 
most of the day’s load is carried directly by the charg- 
ing equipment and that the reserve battery is usually 
maintained with from 80 to 90 per cent of its capacity 
available for emergency use. In addition to control 
contacts and adjustable overcharge shunt, the ampere- 
hour meter is provided with a thermocouple to increase 
light-load accuracy, this having been found necessary 
because during a considerable part of the 24-hour cycle 
at night the load upon the office is very small. Several 
sizes of plants of from 5- to 100-ampere capacity at 24, 
34 or 48 volts, have been made available. 

Four plants have been developed in small and com- 
pact shape to furnish economical and automatic ringing 
and signaling service to outlying offices, particularly of 
the “magneto” type in districts where subscribers’ 
telephones have their own local batteries. One of these 
is shown in Fig. 4. 

Ringing current is obtained from a motor-driven 
magneto generator except during failures of outside 
power when a vibrating-type ringing interrupter 
operated from dry cells is automatically brought into 
use. A small storage battery equipped with a copper- 
oxide rectifier in operation continuously furnishes 
direct current for the transmitters of the central office 
operators, this unit being shown upon the lowest shelf. 

Larger ringing plants employing two motor-driven 
generators equipped with a system of interrupters to 
furnish machine ringing, supervisory tones, and signals, 
as well as positive and negative direct current for 
operating coin boxes, have also been developed as com- 
pletely engineered and coded equipment. The regular 
set operates from outside power while the emergency 
set runs on the central office storage battery. Such 
equipment for a smaller office is shown in Fig. 5. 

Automatic-control equipment is so arranged that the 
emergency set will start upon failure of ringing current 
from the regular set and all office ringing and signaling 
circuits will be automatically transferred to the reserve 
machine by means of 12-pole, electrically-operated 
switches. The frequency and voltage are automati- 
cally controlled and provision is made for return to 
normal condition as soon as the emergency has passed. 
Some of the several types of signals provided by these 
machines utilize interrupted battery current, making 
slight sparks, so that these interrupters are equipped 
with radio-frequency choke coils to prevent interfer- 
ence with nearby receiving sets. Later tone alternators 
of a novel inductor type which*cause no interference 
are also available, together with low-speed interrupters 
of new design in which the current contacts are made 
and broken by mercury rolling in cast-iron channels 
containing an atmosphere of nitrogen. 

Some unusual unit-type coded plants with automatic 
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or semi-automatic features have been developed for 
special uses; only one of these, however, will be men- 
tioned here, namely, the automatic ground-potential 
compensator for telegraph circuits in telephone offices. 
This plant, including a regular and a reserve motor- 
generator set, is arranged to provide a buck-or-boost 
voltage up to 100 volts or thereabouts in the common 
telegraph ground lead of an office having this equip- 
ment. It is used where unfavorable electrical and geo- 
logic conditions cause the local ground potential to 
fluctuate severely. The machine is controlled by a 
sensitive high-frequency relay connected over a pilot 
wire to a neutral ground several miles distant. 


OPERATING EXPERIENCE 


Some of the automatic-control equipment mentioned 
has given satisfactory service for several years, but the 
completely automatic plants of the present types are 
of recent development. Operation during a few years 
has been quite satisfactory; any delays under auto- 
matic control in general are less than with manual 
operation, while attendance of course is very greatly 
reduced. Alarms are provided to secure help from an 
attended office in the event that any of the automatic 
equipment should fail to perform or unexpected emer- 
gencies should develop. Success with the smaller 
plants described has led to installation of larger plants 
upon a trial basis and these also are performing 
satisfactorily. 


Figieoy 

105-100-85-77 volts, 1-8 amperes, 20 cycles and 

+ 110, — 110 volts, 0.25-0.50 amperes direct 
current 


Power plant for ringing and coin control; 
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Helical Grooves In 


Slip-Rings and Commutators 


Current-collection problems can be simpli- 
fied to a marked degree by helical grooves 
cut into the surfaces of commutators and 


slip-rings. Results of comparative tests 
before and after grooving are presented 
herewith. 

By 

G. M. LITTLE Westinghouse Elec. & Mfg. 


Member A. I. E. E. Co., East Pittsburgh, Pa 


Ps since OF BRUSHES on 
slip-rings and commutators is dependent on many more 
or less obscure conditions. Some of these are fairly 
well understood and are under control so that for the 
most part it is pretty well known what current density, 
spring pressure, peripheral speed and grade of brush 
are best for a given brush application. There are many 
purely mechanical conditions that are undesirable, such 
as loose commutator bars, worn bearings, poorly 
balanced armatures, rough tracks (in traction service), 
friction, vibration, and loose connections; also there 
are dirt, oil, acid fumes and many other obstacles which 
influence good brush performance. In addition to 
these disturbing factors, however, it often is found that 
the current is not divided evenly between parallel- 
connected brushes, and this causes some of them to be 
overloaded. 

This article is an account of an investigation into 
some of the causes of trouble existing right at the sliding 
contact, and of the series of tests conducted on helically 
grooved slip-rings and commutators which followed. 
The results show conclusively that (1) a more uniform 
current distribution is obtained, (2) local spot heating 
and glowing under overload conditions are eliminated, 
and (3) better commutation with cooler operation and 
longer brush life is assured, where these grooves are 
employed. 

If the current density is high, a brush is likely to 
glow and throw off white-hot streamers, this glowing 
manifesting itself as a small stationary or slow-moving 
white-hot spot in the polished surface of the brush. 
Of course it cannot be seen directly, but the surrounding 
brush material becomes heated to a good red color 4 of 
an inch in all directions and if the small white-hot spot is 
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near the edge of the brush, the red glow of the surround- 
ing brush material can be seen readily. 

A study of this glowing confirms the correctness of 
the usual explanation of the cause which is based on the 
negative resistance-temperature coefficient of carbon. 
If a brush is overloaded and one part of the brush face 
should by chance be a little warmer than another part, 
the current will have a tendency to crowd into this 
warmer area, raising its temperature more and more 
until a low-resistance hot spot is developed, which then 
carries substantially all of the current. 

It has been observed that a hot spot of this kind will 
remain in one location on the brush face for many 
hundred revolutions of a commutator or slip-ring, dur- 
ing which time all sparking of the brush will be stopped. 
This tendency of a spot to take all the current and hold 
to one position on the brush face is promoted further by 
the local expansion of the hot carbon. This expansion 
causes the hot spot to become raised slightly above the 
polished surface and the brush rides on this “hill” 
until it is worn down. During this time most of the 
spring pressure is concentrated on the minute, raised 
area. Local temperature rise due to friction is thus 
probably a large contributing cause for bringing about 
the stationary hot-spot condition. When a brush is 
badly overloaded the hot-spot temperatures may rise 
to as high as 2,000 deg. cent., sufficient to graphitize 
the minute areas affected. 

With these observations in mind it appeared that if 
the current passing through the hot spot could be 
blocked and some other portion of the brush face, or 
even another parallel-connected brush, could be forced 
to take the load for a portion of each revolution of the 
commutator or slip-ring, perhaps a more uniform dis- 
tribution of current under the brush face and between 
parallel-connected brushes would result, as well as an 
absence of local spot heating and glowing. 

Two schemes were evolved: (1) a row of side-by-side, 
straight-around offset grooves; and (2) the helical 
groove (see Fig. 1). Both schemes were tried out and 
gave similar results with the exception that the helical 
groove was easier and cheaper to make and could be 
cleaned more readily if necessary. In both schemes 
a given spot on the face of the brush can carry current 
and can be subjected to frictional heating for only a 
portion of each revolution of the slip-ring or commu- 
tator; during the remainder of the time some other 
spot or group of spots are forced to carry the load. 
Any air trapped under the brush face, sometimes a 
contributing factor in uneven current distribution, 
is permitted to escape as are any loose abrasive, solid 
particles of brush or ring material. 


LABORATORY TESTS ON SLIP RINGS 


The first tests were made to determine the effect of 
grooving upon contact resistance. Two copper slip- 
rings were used, one plain and one grooved, both 
mounted on the same shaft. Each was equipped with 
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Fig. 1. The two types of grooves treated in this 
article. (Above) ‘‘straight around” offset groove; 
(below) helical groove 


one positive and one negative brush and the rings were 
so arranged that they could be operated either in series 
or in parallel. At the start, with clean sandpapered 
rings and brushes, the contact resistance on both the 
rings was extremely low, but the grooved ring brush- 
contact resistance was almost always much lower than 
that of the plain ring. The resistance of both rings 
then slowly rose until finally after from 20 to 30 hr. the 
resistance of the grooved ring and brushes became about 
20 per cent higher than that of the plain ring and its 
brushes. 

While the difference in the character between the 
slowly formed surface film of the grooved ring and that 
of a plain ring is probably the main reason for the dif- 
ference in the contact resistance (the 20 per cent in- 
crease), there is another well demonstrated cause. 
An oscillogram shows that on a plain ring a sudden, 
forced increase in current density at the contact between 
a brush and a ring causes a large but rapidly diminishing 
increase in the contact resistance (see Fig. 2). It 
would appear that with a suddenly applied current an 
appreciable time is required for the temperature of the 
current-carrying contact spots to rise, during which 
time the resistance (owing to the negative temperature 
coefficient) remains comparatively high. The helical- 
groove scheme furnishes means of control whereby the 
duration of time that any given spot on a brush face 
could carry a heating current and maintain frictional 
contact was limited to 0.02 sec. or less; and from an 
inspection of the oscillogram as given in Fig. 2 it appears 
reasonable to believe that this would account for the 
increase in contact resistance noted. 

Another test (made at the laboratory of the Stack- 
pole Carbon Co.) on five parallel-connected metal- 
graphite brushes on a plain bronze slip-ring gave 
frequent exhibitions of one or two brushes taking all of 
the current; later the same brushes run on a grooved 
ring were free from this trouble. 

Further tests were made with a grooved and a plain 
ring in series and with only one brush on each ring. 
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Fig. 2. Change in voltage drop on plain slip-ring 
as current was suddenly increased from one to 
seven amperes 


Note the high voltage drop during the first fiftieth of a second 
after change. With the helical groove the current-carrying 
time of any given brush spot can be limited to less than 1/50 
sec. thus maintaining the desirable condition of high contact 
drop and low operating temperature 1 


While the set was subjected to a heavy overload it was 
observed that while the plain-ring brush sparked badly 
the grooved-ring brush operated perfectly. 

Still another test was made on plain steel rings 
operating in an atmosphere of hydrogen. Concen- 
tration of current and local overheating caused pitting 
of the brush face and the formation of extremely hard 
particles (apparently iron carbide) which became im- 
bedded in the face of the brush and rapidly scored the 
surface of the ring. -Grooving this same ring did away 
with the scoring of the ring and the coarse pitting of 
the brush face. 


LABORATORY TESTS ON COMMUTATORS 


One of the first of these tests was made on a defec- 
tive 2,000-ampere 500-volt d-c. generator. This ma- 
chine would carry 14 or 34 load very satisfactorily, but 
on full load, trouble would develop within a few hours’ 
time, while on 50 per cent overload, glowing, sparking, 
and streamers would develop at the commutator within 
ten minutes. 

A 3-in.-pitch l¥-in.-wide groove was then cut into 
the commutator after which the machine carried full 
load indefinitely (over a week) with no glowing, and 
withstood the 50 per cent overload for three hours; 
also it was noted that the grooved commutator ran 
10 deg. cent. cooler than the plain commutator. Later 
this same grooved commutator was operated at full 
load and 8 of the 44 brushes removed; no distress was 
observed. This suggested that with grooving, com- 
mutators could be built shorter and with less expense. 


A long test (200 hr.) was then made on a 40-ampere 
500-volt d-c. traction motor, with first a plain and then 
a grooved (1%-in. ridge, 14-in. groove) commutator. A 
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Fig. 3. 15,000-kva. 

hydrogen-cooled synchronous condenser. The 

grooves are 1/8 in. wide, with a 1/8-in. ridge and 
a 1/2-in. pitch 


Grooved slip-rings for a 


reduction in sparking, a seven-degree lower operating 
temperature, and a more uniform current distribution 
between parallel brushes were noted after the commu- 
tator had been grooved; also the commutator was in 
better condition at the end of this test than at the end 
of the test made before grooving. 

It appears from the above data that grooving a 
commutator probably does much more than simply to 
prevent the formation of hot spots; the cooler operation 
suggested that the wasteful circulating current occur- 
ring under a brush face during ordinary commutation, 
probably had been reduced. This can be explained 
only by assuming that the contact resistance had been 
raised. Reduction observed in the sparking at the 
trailing edge of brushes on a grooved commutator may 
be explained also by the increased contact resistance 
which served to cut down the volume of circulating 
current which the spark had to handle. 


OTHER CONSIDERATIONS 


The depth of groove appeared to have little or no 
affect upon the performance, although it is reasonable 
to expect that due to its increased radiating surface 
and the larger amount of cooling air that is dragged 
across the brush face a deep groove might promote 
cooler operation. 

Width and pitch of the groove are still being studied; 
it would appear that to secure the best results in differ- 
ent kinds of service, these dimensions will vary some- 
what. 

When grooving a commutator it is very desirable to 
stone the surface after the groove has been cut in and 
the edges slightly rounded. Any burr left is disastrous 
to brush life and sandpapering alone is not effective. 
For subsequent polishing, a very fine sandpaper backed 
by a wooden block is best. 
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COMMERCIAL APPLICATIONS TO SLIP-RINGS 


The slip-ring tests described were so convincing that 
when the information was divulged to one of the public 
service companies, this company decided to cooperate 
in an experiment on the rings of one of their 13,000- 
ampere synchronous converters. The operation proved 
so satisfactory that now another machine is being 
grooved and put into service. A second public service 
company is putting into operation a 15,000-kva. 
hydrogen-cooled synchronous condenser equipped with 
helically grooved steel slip-rings also running in hydro- 
gen. (See Fig. 3). 


The Calculation of 


Generator Heat Losses 


PeperERMINATION of the tem- 
perature in electrical machinery involves three distinct 
problems: (1) magnitude and distribution of the losses, 
(2) flow and cooling effect of the cooling medium in the 
machine, and (8) heat flow from source to cooling 
medium. 

C. Richard Soderberg of the Westinghouse company 
inarecent A. I. E. E. paper (see foot-note) describes 
an unique method of calculating heat flow and heat 
losses within large turbine-generators under conditions 
of steady temperature. In his ingenious method the 
author utilizes ‘‘equivalent thermal circuits” for solving 
two-dimensional problems of heat flow. 

To the third of the three problems first enumerated 
the author devotes his paper, which represents ‘‘an 
attempt at a reasonably complete solution for the heat 
losses in large machines with deep slots, where the 
temperature drops through the various iron paths are of 
real consequence. The analysis proceeds by progres- 
sive stages of elaboration from a simple conception of 
the general aspects of heat flow to what is believed to be 
a fairly correct picture of the complicated phenomena 
involved. 

“Many elaborate mathemtical deductions are given 
at Several details of the analysis have been carried 
to a degree of refinement which may be considered 
impractical for ordinary types of machines. An ap- 
proximation, however, is justified only when the degree 
of approximation is known, and this has not always 
been the case with approximate methods commonly 
used.” 


From ‘‘Heat Losses in Large Turbine-Generators”’ (No.31-33) presented 
at the A. I. E. E. winter convention, New York, Jan. 26-30, 1931. (For 
publication in the A. I. E. E. Transactions the title of this paper has been 
revised to read ‘‘The Steady Flow of Heat in Large Turbine Generators.’’) 
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Synchronizing 
Salient-Pole Motors 


By means of the integraph the differential 
equation of motion for a synchronous 
motor during pulling-into-step transients 
is readily solved. An expression thus can 
be set up to predetermine the limiting con- 
ditions under which such a motor will 
synchronize. 


By 
H. E. EDGERTON 


Associate A. I. E. E. 


PAUL FOURMARIER 


Non-Member 


Massachusetts Insti- 
tute of Technology 


Massachusetts Insti- 
tute of Technology 


Cee: of the pulling-into- 
step phenomena of a synchronous motor presents one of 
the knottiest problems in electrical engineering. After 
a motor is brought up by induction-motor action to as 
high a speed as is possible, the field is excited with direct 
current and the resulting synchronizing force tends to 
pull the motor into step. In case the moment of 
inertia is small and the shaft load relatively light, the 
motor will have no difficulty in pulling into step. 
When synchronous motors are used to drive loads 
having large torques or large moments of inertia, a 
condition is approached where the synchronizing force 
due to the d-ce. field will not be of sufficient value to 
pull the motor into synchronism. The principal object 
of this investigation was to establish a criterion between 
the various factors that enter into the problem of the 
limiting case between satisfactory and unsatisfactory 
operation, in order that the operation of any particular 
motor might easily be predetermined. 

A consideration of pulling-into-step problems in 
general for salient-pole motors shows that the following 
important factors influence the phenomena: 

1. Load torque on the motor shaft, which in turn determines the amount 
of slip when running as an induction motor. 


2. Maximum available synchronizing torque, which in most motors is 
practically proportional to the field current. 


3. Inertia of the rotor and connected rotating masses. 


4. Effectiveness of the amortisseur windings and field circuit as an 
induction-motor rotor. 


5. The displacement angle between the impressed voltage and the 
voltage induced by the d-c. field when the exciter is connected. 


From “The Pulling Into Step of a Salient-Pole Synchronous Motor,” 
(No. 31-48) presented at the A. I. E. E. winter convention, New York, 
Jan. 26-30, 1931. 
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Typical integraph angle-slip solution of the equation 
of motion of a synchronous motor during pulling- 
into-step transients 


6. Reluctance torque which is a function of the angular displacement. 

7. The degree of unbalance in the induction-motor torque, due to the 
incompleteness of the amortisseur winding. 

All seven of these factors appear in the differential 
equation of torques and solutions of this equation show 
their influence. 

Until the advent of the integraph calculation of this 
differential equation was possible only by difficult, 
approximate methods such as step-by-step analyses 
and energy relations. The integraph isone of theresults 
of the efforts of V. Bush and others at the Massachusetts 
Institute of Technology to find mechanical and elec- 
trical methods of solving the apparently unsolvable 
or tediously solvable integral and differential equations 
which so often are encountered in engineering work. 

This investigation is a continuation of a previous 
study of the conditions for the pulling-into-step of a 
wound-rotor, synchronous motor. 

The details of this investigation were published 
in the September 1930 issue of the Journal of the Insti- 
tution of Electrical Engineers (London), and by it a 
criterion for satisfactory synchronization was evolved 
in terms of the moment of inertia, synchronizing torque, 
and other factors. The continuation here considers 
the effects of salient poles and incomplete amortisseur 
windings, the solution being obtained in a similar man- 
ner by means of the integraph. 

The conclusion drawn from the study is a relatively 
simple empirical expression which can be used to repre- 
sent the pulling-into-step characteristics of salient-pole 
synchronous motors, this criterion being the following: 
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initial slip as an induction motor. 

synchronous speed inr. p. m. 

frequency in cycles per sec. 

(moment of inertia in lb.-ft.)? 

maximum synchronizing power in kw. due to the field 
current. 
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According to this criterion the amortisseur windings 
must raise the rotor to such a speed that the average 
initial slip is less than the indicated function of the 
speed, frequency, moment of inertia, and synchronizing 
power, in order that synchronism may result on the 
first swing for the most unfavorable switching angle. 


ELECTRICAL ENGINEERING 


One of the conclusions of this study is that the 
reluctance torque does not influence the value of the 
criterion to any considerable extent. The reason for 
this is that the reluctance torque makes the initial 
slip more unfavorable than it would be if it were not 
present (as in wound-rotor machines) but a greater 
synchronizing effect is exerted by the joint action of 
the reluctance and synchronizing torques. These two 
opposite influences of the reluctance torque tend to 
cancel, and therefore its net effect on the ability of the 
motor to synchronize is inappreciable. 

The degree of unbalance of the damping winding 
apparently also has a rather minor effect on the critical 


A Concentrator for 


Printing- Telegraph Circuits 


The termination in a telegraph office of a 
large number of ‘‘start-stop”’ printing tele- 
graph circuits, requires some means for 
concentrating the circuits to enable incom- 
ing and outgoing traffic to be handled 
efficiently and economically. A multiple- 
turret concentrator which permits any one 
of many circuits to be worked by any one 
of a few operators is described here. 


By 
WILLIAM B. BLANTON he Western Union 


Non-Member Telegraph Company 


Dae recent years great improve- 
ment has been made in printing telegraph systems which 
employ the start-stop method of synchronism. Printers 
adapted to such systems are known by various names, 
some of which are start-stop printer, simplex printer, 
teletype, telephone typewriter, typing telegraph and 
teleprinter. 

The telegraph companies are using in increasing 
numbers printers of this type on circuits which con- 
nect to the central telegraph office the public-branch 
offices within a city as well as the offices of those patrons 
who have sufficient message traffic to warrant the tele- 


From ‘‘A Printing Telegraph Concentrator,’ (No. 31-1) presented at the 
A.I.E. E. winter convention, New York, Jan. 26-30, 1931. 
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ratio. This is undoubtedly due to the fact that the 
rotor swings through such a large range of values of 
angle that only the average damping is of importance. 

By means of the criterion equation, calculations of 
limiting slip were made for a 160-hp. synchronous motor, 
and according to these calculations the maximum value 
of slip at which the motor would pull into step was 
0.0143. This represented the limiting value for the 
worst switching angle. In laboratory tests at these 
most unfavorable switching angles, the value of slip 
at which the motor would actually synchronize varied 
from about 0.014 to 0.015, which is in very close agree- 
ment with the calculated value. 


graph companies incurring the expense of providing such 
a connection. 

The majority of such circuits is worked intermittently 
and therefore the continuous services of an operator are 
not required at the operating terminals of each circuit. 
In order to handle efficiently and economically the 
traffic on a large number of these circuits which enter 
a telegraph office, there is required some means for con- 
centrating the circuits so that any one of a large group 
can be worked by any one of a smaller group of 
operators. 

Before the equipment described in this paper was 
decided upon, three methods of concentration were 
considered; (1) automatic switching of calling lines 
to idle operators, (2) manual switching by an arrange- 
ment somewhat similar to a manually-operated tele- 
phone private-branch exchange, and (8) lines multipled 
before each operator. 

A study of the economics and operating advantages 
of these three methods, and their adaptability to the 
present methods of handling telegraph traffic, led to 
the choice of the latter arrangement; in other words, a 
multipled-turret concentrator. 

A general view of a typical concentrator installation 
having 50 operating positions and a capacity of 100 
lines is given in Fig. 1. It is not intended that the line 
capacity of this type of concentrator be limited to 100 
lines; in fact installations already have been made of 
200 line concentrators, and it is quite practicable to 
accommodate more than 200 lines with the use of the 
same type of equipment. The number of operating 
positions provided depends upon the traffic load and is 
determined individually for each concentrator. In 
actual installations of 100 line concentrators the num- 
ber of operating positions has varied from 20 to 70. 

All of the lines to be worked in a concentrator appear 
in a turret (B) at each operating position. These 
turrets are simply small switchboards connected in 
multiple. 

Associated with each line is a relay arrangement 
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which serves to light the calling lamps when the outer 
office initiates a call.. This equipment must also func- 
tion to extinguish the calling lamps when an operator 
answers the call and must be restored to the condition 
where it will be in readiness to receive another call 
when the operator disconnects. Generally, in multiple- 


turret arrangements this relay device is controlled from 


the operating positions over a conductor separate from 
the line circuit, thus necessitating that an extra con- 
ductor for each line be multipled from turret to turret. 
Since the cost of the turrets and the cabling required 
to connect them in multiple is a large item in the total 
cost of a multipled-turret concentrator, particularly 
when the ratio of turrets to lines is as high as 70 or 100 
an endeavor was made to simplify the turrets and re- 
duce the number of conductors in the multiple. To 
this end, the concentrator is designed so that the turret 
multiple comprises only one conductor for each line, 
the control of the relay equipment which actuates the 
calling lamp being accomplished over the line conductor. 

The use of the one conductor multiple permitted a 
departure from common practise in the design of the 
turret. Instead of jacks, the line conductors are 
terminated on studs molded in bakelite panels. Fig. 2 
shows a 100-line turret equipped with two of these 
panels; over each stud will be noted the line designa- 
tion. The major advantages of these panels over an 
equivalent arrangement of jacks and designation strips 
are reduced cost of apparatus and installation, and 
saving of space by use of a shallower turret. 

Instead of associating a calling lamp with each line 
stud in the turrets, the lamp cabling is greatly simpli- 
fied by distributing calling-lamp cabinets containing 
one lamp for each line among the operating positions so 
that each cabinet is visible to, and used by, a number of 
operators. 
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Fig. 1. General view of a 
telegraph concentrator 
showing: 


A—Calling-lamp cabinet 
B—Turret 
C—Idle-operator indicator 
D—Message routing rack 
E—Message conveyer belt 
F—Message drop 


Fig. 2. Signal 
assembly and 
100-line turret 


The printer apparatus at each operating position 
(Fig. 3) is included in an operator’s cord circuit which 
terminates in a jack-plug (P), so termed because it is 
used like a plug but contains springs which operate 
like jack springs. It is by connecting the jack-plug to a 
line stud in the turret that an operator connects that 
printer to any desired line. 

When an operator at an outer office initiates a eall, 
the calling lamps associated with this line in all of the 
lamp cabinets light. To avoid the confusion of all of the 
idle operators endeavoring to answer the eall, and at 
the same time make sure that the call is answered 
promptly, the responsibility for answering is placed 
by virtue of an “answer-next”’ system upon the lowest- 
numbered idle operator. This system provides an 
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answer-next lamp (N) on each operating position. 
Only one of these lamps in the entire concentrator is 
lighted at a time, and that lamp is always located before 
the lowest-numbered idle operator. This lamp glows 
steadily when there are no calls and flashes the instant 
a call appears. The operator then refers to the nearest 
lamp cabinet (R) and proceeds to attach the jack-plug 
to the line stud having the same relative location in that 
turret (O) as the lighted calling lamp has in the lamp 
cabinet. Immediately after the operator has made the 
connection, the answer-next lamp is extinguished and 
the lamp in front of the next lowest-numbered idle 
operator will light. 

The printer (7) is a tape printer. During the re- 
ception of messages the operator gums the tape of each 
message on a telegram blank, stamps the time on the 
blank and then places it on a belt conveyer (H) which 
runs along the rear edge of the operating table. This 
conveyer feeds into a conveyer system that carries all 
recelved messages (including those received by other 
facilities) to the main routing center of the office. 

All messages received at this main routing center 
and destined for an office the line of which terminates 
in a concentrator are dispatched by a conveyer to a 
message-routing rack centrally located at one end of the 
table rows of the concentrator as shown in Fig. 1. One 


or more clerks then sort these messages, according to 
their destination, into the proper compartment of the 
message-routing rack which has one compartment for 
each line terminating in the concentrator. 


Other 


Fig. 3. A concentrator operating position 
H—Belt conveyer o—Turret 
J—Time stamp P—Jack-plug 


R—Calling-lamp cabinet 
S—Live-message file 
T—Printer 

U—Number stamp 


K—Gumming desk 
L—Busy-line lamp 
M—lIdle-operator lamp 
N—Answer-next lamp 
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clerks called ‘routing aids’ immediately take these 
messages out of the rack and carry them to concentrator 
operators; messages for an office the line for which is 
busy are taken to the operator then working that line, 
while messages for an office with line idle are taken to 
an idle operator. 

Fig. 4 shows the front view of a message-routing 
rack provided with 100 compartments; underneath 
each compartment are located five lamps utilized by 
the routing aids in locating the operator working any 
particular line. Referring to Fig. 1 it may be noted 
that the operating tables are divided into five distribu- 
tion groups. When a line is busy, one of the five lamps 
associated with this line at the message-routing rack 
is lighted, that particular lamp denoting in which dis- 
tribution group the operator then working that line is 
located. Thus the routing aid is guided to the proper 
group of tables, views the turret on each busy position, 
and ascertains by the location of the jack-plug which 
operator is working the line in question. 

If none of the lamps under a particular compartment 
is lighted, the associated line is idle. When removing 
a message from such a compartment, the routing aid 
looks at an idle-operator indicator which is generally 
suspended from the ceiling and located just to the rear 
of the routing rack. By means of lamps this indicator 
shows the location of all the operators idle at that 
moment. Asa further aid to locating the idle operators, 
each operating position is equipped with a green light 
(M in Fig. 3) which shows when the operator is idle. 

Occasionally a message may be handed to a concen- 
trator operator for transmission to an office which at 
that moment is being worked from another concentrator 
position. Since no busy lamps are included in the 
turrets, the operator is not aware of this busy condition 
and plugs in on the line stud. The cord circuit, 
however, contains an arrangement which automatically 
prevents the printer equipment from being connected to 


Fig. 4. Front view of message routing rack 
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a busy line, and furthermore, this arrangement is such 
that no interference is caused to printer signals which 
may at that moment be passing over the line circuit. 
The fact that the plugging in has been done on a busy 
line is indicated to the operator by the lighting of the 
busy-line lamp (Z in Fig. 3). If the operator fails to 
see this signal and attempts to send on the printer, the 
printer due to the fact that the motor is not running will 
not function. 

Several supervisory lamps are conspicuously located 
at some point about the concentrator; these lamps 
serve to warn the supervisor of conditions which re- 
quire immediate attention, such as calls not being an- 


Brazed Joints for 
Electric Conductors 


Electric resistance brazing produces in 
electric conductors joints which possess 
several distinct advantages over equivalent 
soldered joints, and in addition can be 
made at a lower cost. A description of 
the equipment and process is given with 
comparative results between the two types 
of joints. 


By 
SAMUEL MARTIN, JR. 


General Electric Co. 
Schenectady, N. Y. 


| eee RESISTANCE BRAZING 
has been developed to meet the need for a better means 
of joining two electrical conductors. Not only have 
brazed joints higher heat resisting qualities and higher 
mechanical strength than soldered joints, but they 
possess high electrical conductivity as well. The 
simplicity of the brazing process is well illustrated by 
the following brief description: the parts to be joined 
are first clamped between a pair of carbon blocks; 
current is then passed through these blocks and the 
joints, thus heating the blocks and the parts to be 
joined to the melting point of the brazing alloy. The 
alloy, which for convenience is usually in the form of a 


From “Electric Resistance Brazing,’ (No. 31-16), presented at the 
A.I. E. E. winter convention, New York, Jan. 26-30, 1931. 
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swered promptly or an insufficient number of operators. 

All start-stop printing telegraph circuits entering 
the larger telegraph offices are terminated in concen- 
trators even though some of these circuits require the 
individual attention of an operator during the greater 
part of the day. 

Because the lines are of various lengths and charac- 
teristics, it is necessary to equate them for termination 
in a concentrator. Short lines are terminated directly 
in a concentrator multiple. The longer lines are ter- 
minated in single-line or duplex-half repeaters or ter- 
minal-duplex sets, the local sides of which are connected 
to the multiples. 


thin strip, is then applied to the contact surfaces, is 
melted, and flows through the joints, uniting the parts 
into a solid mass. 

The equipment required for making this type of 
joint is equally simple, consisting only of an air-cooled 
transformer with primary and secondary leads (the 
latter being connected to the brazing tongs), a foot 
switch, and specially designed clamping tongs for hold- 
ing the work. Special transformers were designed to 
meet the many varying factors encountered in this 
work. In order to heat the parts to be brazed quickly, 
high current is required in the secondary circuit which 
is subject to momentary overloads of as high as 400 
per cent. With these high currents a small reactance 
in the leads between transformer and tongs affects the 
power factor materially. For any given length of lead 
(7-ft. being recommended), the type of carbon block, 
kind of joint, and amount of contact between blocks 
and joint also affect the power factor. 

For conductors up to 300,000 em. in cross-section, 
a 5-kva. transformer has been found satisfactory; for 
conductors from 300,000 to 2,000,000 em. in cross- 
section, a 10-kva. transformer has been found a con- 
venient size. 

The complete equipment for making joints on con- 
ductors up to 2,000,000 em. in cross-section weighs 
less than 100 lb.; hence it can be transported easily 
from place to place. For larger joints stationary 
machines or presses have been adopted using much 
larger transformers. 

Proper preparation of the work for brazing is of 
prime importance. Parts to be brazed should be as 
flat as possible so that the carbon blocks will come 
into intimate contact with the entire surface, thus 
guarding against arcing and hot spots between the 
blocks and parts being joined. In joining round or 
irregularly shaped pieces the carbons may be cut to 
fit the piece. In general, flat plate terminals (see 
Fig. 2) will replace the tubular terminals commonly 
used in soldered joints. If the flat plate terminal 
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or busbar is more than 1 in. wide, it is slotted and the 
brazing operation performed on each individual section 
as a separate operation. 

Standard cable is usually prepared by wrapping with 
thin copper strip or inserting the end of the cable 
into a thin copper tube; then flattening before clamping 
in the tongs. If a very flat joint is desired the thin 
copper strip should be wound around the strands rather 
loosely. In all cases the wrapping or tubing should 
extend from ¥% to 1 in. beyond the portion being 
brazed. Copper braid is prepared in a somewhat 
similar manner as may be noted in Fig. 2. In this case 
a copper clip about 0.02 in. thick and slightly wider 
than the braid is placed on the end of the braid, extend- 
ing about 1% in. beyond the contact surface. Depend- 
ing upon the size of the cable, insulation should be 
removed for a distance of 14 in. to 2 in. from the joint, 
the bare cable being wrapped with damp asbestos to 
protect the insulation from overheating during the 
brazing process. Flat joints are made by lapping the 
pieces to be brazed about 11% times the thickness of the 
conductor. If it is desired to make a butt or scarf 
joint on rectangular conductors, this can be done by 
clamping the two ends together, then applying the 
carbon blocks to the edges of the conductor and feeding 
the alloy in from the flat side. 

In soft soldering it is very essential that the surfaces 
be clean and free from oxides or-other impurities. This 
is not so essential in brazing but certain oils and var- 
nishes are not attacked by the brazing flux and should 
be removed. Generally fused borax is used for the flux, 
and it may be applied either in dry powder form from 
a small sifter or mixed with water or vaseline and applied 
to the joints in paste form. Depending upon the 
joint to be made, three different silver alloys are used 
as a brazing medium; these contain respectively 10, 
20, and 50 per cent of silver. Alloys containing the 
higher percentages of silver have a lower melting point 
(about 730 deg. cent.) and are consequently used on 
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Complete resistance-brazing equipment 
with 10-kva. transformer having 8-, 10-, and 12-volt 
taps on its secondary winding 


higsel. 
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small parts where temperatures must be kept down to a 
minimum. The 10 per cent silver alloy is satisfactory 
on larger cables, terminals, and busbars, where a higher 
brazing temperature (830 deg. cent.) is not objection- 
able. 

The economics of adopting brazing in place of solder- 
ing are sound. Many cost studies have been made on 
various sizes of cables, plates, bars, and other con- 
ductors, and for purposes of comparison three typical 
cases are presented in Table I. 


TABLE I—COST COMPARISON BETWEEN BRAZED AND 
SOLDERED JOINTS 


Prepara- Brazing or Cost of Cost of 

tion soldering Finishing alloy or labor at Total 
Case time time time solder 60c. /hr. cost 
8h aoe Sree ee, Sie so Te aye O302 7a ONO ee 0.104 
PSS arses 3 Ade es NU le ce eee RSS crv ne OX0257-re OVOS5ee 0.110 
22 Bier LO OOk cpa Tad Secu) eae: 4 Oh setae OR225. fea: On220Re ee 0.445 
2sSehra: LOMO Oecnee LOIRE ere” Ore Baret ties  ote ON 24 Tce ORZ8See ue 0.535 
3-B Duo Omens 1 ay Geter era ere caer b On2255.5.005 0.209 Sree 0.434 
3-8 te. eGiOp aeon DA Sines ache ee OAC A eratus 0.30255 0.762 


In the column headed ‘‘Case,”’ 
B—Brazed joint 
S—Soldered joint 
1—Terminal joined to 180,000-cm. cable 
2—Terminal joined to 1,500,000-cm. cable 
3—Twelve 1/8-in. by 4-in. conductors are joined to a 770,000-cm. cable 


and 


between brazed 


Fig. 2. A comparison 
soldered joints; (above) two large conductors 
joined together; (below) brazed flat plate terminal 
and soldered tubular terminal on copper braid 
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In this table the preparation time includes skinning, 
binding, and forming the cable; finishing time is that 
required for cleaning. These costs have been computed 
for soldering under the most favorable conditions; if 
labor were figured at 90 cents per hour the saving on 
that item would be much greater. 

In addition to their economic advantages brazed 
joints present several other distinct advantages over 
soldered joints. When silver solder is applied to a 
copper joint it dissolves a thin film of the copper surface 
which is very rich in copper; hence it is an excellent 
conductor of electricity. Since the melting point of 


A Vacuum-Tube 
Voltage Regulator 


A device has been developed which not 
only provides voltage regulation for alter- 
nators, but short-circuit protection as well. 
Saturation current from the filament of a 
thermionic tube forms the control element, 
while stabilization is accomplished by a 
feed-back system. 


By 

kL: G VERMAN Cornell University, 
Associate A. I. E. E. Ithaca, N. Y. 

ha A. RICHARDS Cornell University, 


Non-member Ithaca, N. Y. 


W ccc TUBES have come into 
general use during the past few years for controlling and 
regulating various types of electrical apparatus where 
extremely accurate regulation of speed, voltage, or other 
factors, is required. These applications have been con- 
fined in general to small apparatus, but few attempts 
having been made to adapt such means of regulation to 
meet the needs of large power units. 

Recently, however, a regulator of this type was 
developed by the physics department of Cornell Uni- 
versity, and has been in use for about two years in the 


From “A Vacuum-Tube Voltage Regulator for Alternators’ originally 
submitted to the A. I. E. E. and subsequently published in full in the 
Review of Scientific Instruments, Oct. 1930. 
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this alloy is higher than that of the silver solder a 
higher temperature is always required to open the 
joint than to form it. If the lapped joints are designed 
in each case to have a contact area of at least 114 times 
that of the conductor cross-section, the factor of safety 
is such that the joint will carry as much overload 
as the conductor itself. In Fig. 2 it may be seen that 
brazed joints besides being much more accessible for 
inspection are much smaller than soldered joints. 
These factors together with the improved mechanical 
strength and durability of brazed joints mark another 
distinct step forward in the electrical industry. 


laboratory on a 25-kw., 110-volt, d-c. generator. This 
regulator has required no readjustments or replacement 
of parts. 

Encouraged by this performance, a similar voltage 
regulator has been developed for use on alternators. 
Operation of this regulator involves conversion of 
a-c. line-voltage fluctuations into corresponding d-c. 
variations, amplifying these and applying them to the 
field of an exciter which supplies the main alternator 
field, thus controlling the line voltage. 

A schematic diagram of the regulator circuit is shown 
in Fig. 1. As may be noted, the amplifying system is 
of the ordinary resistance-coupled type. All the grid 
bias and plate voltages are supplied by a _ single 
“B-eliminator’”’ system operated from the alternator 
being regulated. Tube filaments are lighted directly by 
alternating current through individual transformers 
also supplied from the generator under regulation. 


The first tube (in this case a UX-210 type) is operated 
at a low filament temperature and high plate voltage, 
so as to obtain saturated plate current. Under these 
conditions the current through the coupling resistance 
R, is nearly independent of the plate voltage but 
changes rapidly with the filament temperature and 
hence with the r.m.s. value of the line voltage. This 
scheme was found to be superior to a grid-control 
method since the grid potential must be obtained from 


MAIN 


EXCITER ALTERNATOR 


TO ELIMINATOR 
INPUT 


ELIMINATOR OUTPUT 


Fig. 1. Schematic diagram of regulator 
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the B-eliminator output voltage which is more closely 
related to the average rather than the r.m. 5. value of 
the line voltage. 

Voltage drop across R, is palanesat out by ‘a eral 


adjustable portion of- the eliminator output: and is 


then applied to the grid of the second tube—a high-p, 
UX-240 type. “Thus - a- ‘déciease in the line’ -voltage 
makes the grid ‘of the second tube more negative, 


: cutting down the current through R;, which makes the 


grid of the last tube more positive thereby building up 
its plate current. This increases the exciter voltage, 
builds up the main alternator field and boosts the line 
voltage. An increase in line voltage simply reverses 
this process. 

A UX-210 type tube is employed in the last stage of 
the amplifier to supply the field current to the exciter 
generator whose field is wound to match the d-c. plate 
resistance of the tube. This field winding is the only 
special piece of apparatus used in the entire system, all 
the other parts being of standard make and readily 
obtainable. 

Since the vacuum-tube system is almost instan- 
taneous in its response to small fluctuations, the original 
regulator with -the high amplification required for 
regulating a-c. machines was rather unstable in its 
operation. This condition, together with the compara- 
tively long-time lags in the fields of the exciter and the 
main alternator, caused hunting, 7. e.,; oscillation of the 
line voltage about a.mean value. After a good deal of 
experimentation it was found that the regulator could 
be stabilized by a feed-back coupling system composed 
of a condenser C and a resistance R,, which reacts on 
the grid of. the first tube. This virtually delays the 
response of the regulator, thus cutting downits tendency 
to over-correct. : 


PERFORMANCE TESTS 


A number of experiments was made with this regula- 
tor connected to a 35-kva., 220-volt, two-phase alterna- 
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Fig. 2. - Voltage characteristics of an alternator 
with unity-power-factor load; Ri with vacuum-tube 
control; R:, fixed excitation, without regulator 
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tor, operated as a single-phase machine at 110 volts 
—this being the rated voltage of the eliminator 
equipment. This constituted a severe test for the regu- 
lator, because for a given load the field-current correc- 
tion necessary to maintain constant voltage is greater 
for low than for high voltages. 


The characteristics of terminal voltage with load 
current at unity power factor, with and without the 
regulator, are given in Fig. 2. It may be noted that at 
full load with the regulator, the terminal voltage drops 
only 1.5 volts as compared with a 50-volt drop with 
fixed excitation. 


Oscillograms (see Fig. 3) were made showing the line 
voltage, line current, and field current when full load 
at unity power factor was suddenly applied and then 
suddenly dropped with the regulator in operation. In 
these tests a regulating transformer was used to supply 
the B-eliminator of the regulator. This transformer 
was developed especially to maintain constant output 
voltage for a wide range of primary voltages, the load 
remaining constant. 


With the regulating transformer in use, however, 
an added load of fifteen amperes at a low power factor 
was imposed upon the alternator and consequently the 
percentage regulation was not quite so good as when 
the transformer was not in use. 


ESISTANCE LOAD AFFLIED 
EGULATOR. & AEGULATING. FRANSE. Ou. : a 


OG 


KREsis7anNcE LOAD REMOVED 
Wire REGULATOR & REGULATING TRANSF. ON. 


Fig. 3. Alternator terminal voltage, and field and 

. load currents with regulator and regulating trans- 

former in use; (above) full load is suddenly applied; 
(below) the load is cut off 
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Fig. 4. Alternator voltage and current relations 

at time of short circuit. Note that field current is 

rapidly reduced to a negligible value by the pro- 
tective action of the vacuum-tube regulator 


PROTECTIVE ACTION 


Referring again to curve R,, Fig. 2, it may be noticed 
that at about 50 per cent overload the voltage starts to 
decrease rapidly. This is due to the fact that the B- 
eliminator output and the temperature of the first-stage 
tube filament drops sufficiently to make further regula- 
tion impossible. After the point of maximum current 
is reached, the system becomes unstable and the voltage 
drops rapidly back to zero, thus providing overload 
protection for the generator. The amount of overload 
at which the relay action starts depends upon the regu- 
lation characteristics of the eliminator as well as upon 
the average operating temperature of the first tube 
filament. 

An oscillograph record showing the transient condi- 
tions occurring at short circuit with the regulator and 
regulating transformer in operation, is presented in 
Fig. 4. As may be seen, the short-circuit current is 
reduced to full-load value in about 0.6 sec. 


FIELD CURRENT 


It is shown also in Figs. 3 and 4 that the field current 
of the alternator is not a steady, direct current but has 
superimposed upon it a strong 120-cycle current. This 
comes from two sources: First, since the filaments of 
the tubes are lighted directly from the alternator, plate 
currents of all tubes contain a 120-cycle component 
which is carried right through the exciter to the main 
field. Second, the single-phase, 60-cycle current flow- 
ing through the windings of the armature of the main 
alternator induces in its field a 120-cycle e. m. f. 

This 120-cycle component in the field current is of 
advantage, however, since the magnetic circuits of the 
exciter as well as the alternator are continuously carried 
around a hysteresis loop, thus making the average mag- 
netic flux, and hence the generated voltage, always a 
single valued function of the d-c. component through 
the field. This field current ripple, being an even har- 
monic, causes no distortion in the wave form of the out- 
put voltage. 


438 


FURTHER PROBABILITIES 


The regulator here described furnishes an indication 
of what may be accomplished by means of vacuum-tube 
control for power equipment. It is realized that the 
design might be varied to accomplish purposes other 
than the simple control of a single-phase machine. For 
example, compensation for line-voltage drop could be 
introduced by means of an extra winding in the fila- 
ment transformer of the first tube, this winding having 
all or a part of the line current flowing through it. In 
the case of polyphase alternators a variety of schemes 
could be used for arranging the transformer or trans- 
formers supplying the control filament, depending upon 
what system voltage.it is desired to control. 


Motive Power for 
Suburban Electric Lines 


Low annual car mileage together with the 
large number of cars required make the 
economical handling of suburban passenger 
traffic difficult. Results of a comprehensive 
analysis of the problem are presented. 


By : 
CHARLES KERR, JR. Westinghouse Elec. & Mfg. 


Non-Member Co., East Pittsburgh, Pa. 


Mascuve RAILROADS are con- 
tinually becoming more important factors in providing 
for the rapidly increasing suburban traffic in the larger 
cities. Like all urban transportation, this traffic due to 
the poor load factor which results from the heavy rush 
hour peaks, places a severe burden on the railroads. 
These peaks are of such magnitude that the rolling 
stock required to provide for this traffic is from two to 
six times that required for the base load. On the other 
hand the annual mileage of suburban cars is very low 
compared with that of cars in through service. 

An extended suburban system embraces a variety of 
different types of service conditions for which the motive 
power must be sufficiently flexible. The average length 
of runs vary from a mile or less to over ten miles; the 
train make-up, from a few cars to many. For these 


From ‘Motive Power for Suburban Electrification,’ (No. 31 -15) pre- 
sented at the A. I. E. E. winter convention, New York, Jan. 26-30, 1921. 
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varying conditions electrification is ideally suited, and 
the series motor with its steep speed-tractive effort 
curve meets the requirements of this service. For the 
short runs where high acceleration is desirable, this 
type of motor will deliver high tractive efforts with 
minimum demands on the distribution system. For 
the long runs where high-speed operation is desired, it will 
provide high balancing speeds. The steeper the speed- 
tractive effort curve, the better the motor is adapted to 
this service, a feature which makes the a-c. commutator 
motor well suited to suburban electrification. 

The flexibility of multiple-unit cars enables trains of 
varying lengths to be easily formed and if desired the 
schedule speeds can be made independent of train size. 

Modern practise in suburban electrifications employs 
accelerating rates not to exceed 1.0 to 1.5 mi. per hr. per 
sec. and maximum speeds of approximately 70 mi. per 
hr. Due to wheel slippage the maximum acceleration 
practical with two-motor equipment or four-motor 
equipment and a trailer is approximately 1.5 mi. per hr. 
per sec. The maximum speed may be raised to 90 mi. 
per hr. or more; but the advantage to be gained from 
this is small and the expense disproportionately large. 

Previously it was mentioned that the annual mileage 
of cars in suburban service is quite low. On some sys- 
tems the average is only about 25,000 mi. per car per 
annum, while the average for the entire country is only 
about 35,000 mi. Because of this low mileage, the 
fixed charges are the largest item of expense, and in 
some cases may exceed per car mile the combined cost 
of power, maintenance, and crew expense. With the 
electrical apparatus available today it is possible to 
reduce the operating costs greatly without materially 
handicapping the car performance. This may be ac- 
complished in three ways. 


LARGEST CARS Most ECONOMICAL 


The most economical car is that with the largest 
capacity which can be operated within the existing 
clearances. As the seating capacity of a car is in- 
creased, the cost, weight, and horsepower capacity per 
seat decrease, thereby reducing the power consumption, 
maintenance and fixed charges per seat. The chief 
objection to the large car however is its lack of flexibil- 
ity. This objection is not so serious as it would seem, 
for most large electrifications today are faced with the 
problem of increased train length; with this increase the 
large car in spite of its lack of flexibility can be used to 
advantage. It is true that train make-up during the 
off-peak hours is slightly handicapped, but any increase 
in power during such times which might result from 
slightly heavier trains is more than counterbalanced 
by the reduced fixed charges. Recently there has been 
a decided tendency to reduce the car weight through 
the use of aluminum alloys, since a reduction in weight 
reduces the power consumption, and also the motor 
capacity. It is estimated that the saving of one pound 
reduces the operating costs per annum from 2.5 to 3.0 
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cents with an average car mileage of 35,000. Assuming 
10 per cent fixed charges, it is economical to invest from 
25 to 30 cents to save one pound in weight. 

With any system of electrification in use today it is 
possible from a constructional standpoint to install on a 
car axle all the power which it is practical to utilize. 
This increased power may be employed either by in- 
creasing the schedule speeds or by handling trailers. 

On large systems the average length of run is between 
1.0 and 1.5 mi.; with acceleration of 1.0 mi. per hr. per 
sec. and a maximum speed of 70 mi. per hr., schedules 
from 20 to 40 per cent better than those with steam 
power can be maintained. An increase to 1.5-mi.-per- 
hr-per-sec. acceleration will increase the schedule speed 
only 3.3 per cent and will require motors 30 per cent 
larger. Likewise a 1.5-mi. per hr. per sec. acceleration 
and 90 mi. per hr. safe speed will increase the schedule 
speed only 6.6 per cent with a required increase in motor 
capacity of 67 per cent. 

Because of the fact that the increase in schedule speed 
above a certain point is out of all proportion to the 
increase in motor capacity, it would appear to be highly 
economical to employ this increased capacity to handle 
trailers, thereby reducing the power consumption, 
maintenance, and fixed charges. During the off-peak 
hours sufficient motor cars will be available to provide 
all-motor-car operation which is desirable at these times. 
Power is relatively inexpensive as it does not increase 
the peak load demand; therefore any improvement in 
traffic resulting from better service is practically net 
profit. 

As an illustration of trailer operation, a ten-car train 
composed of all motor cars will make only 3.3 per cent 
better schedule time than six motor cars and four 
trailers. In order to attain this 3.3 per cent increase in 
speed, an increase of 59 per cent in motor capacity 
is necessary. Costs of power, maintenance, and fixed 
charges are 22 per cent greater to deliver the average 
passenger at his destination less than one minute earlier. 

To summarize, the most economical method of han- 
dling suburban traffic with electric motive power is, 
(1) to use the largest cars which can be operated within 
the existing clearances; (2) to reduce car weight, and 
(8) to operate all-motor-car trains or the equivalent 
during the off-peak hours with the extensive use of 
trailers during rush-hour periods. 


LOCOMOTIVE OPERATION 


On railroad systems operating extensive electrifica- 
tions, the use of locomotive power on the heaviest trains 
may be desirable in suburban express service where the 
distance between stops ranges from three to ten miles. 
Due to the factor of diversity, locomotives may be 
operated both in through and suburban service with a 
large annual mileage, so that the fixed charges are low, 
making this operation economical. For short runs and 
small trains and when the annual locomotive mileage is 
low, multiple-unit cars offer better service at less expense. 
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Of Lastitute and Related Adiivities 


Last Call for 


The Summer Convention 


Bivicdi iors are complete for 
the A. I. E. E. summer convention to be 
held in Asheville, N. C., June 22-26, with 
headquarters at the Grove Park Inn. 
Situated high in the southern Appalachi- 
ans, Asheville offers scenic splendor of 
unusual interest to those who have not 
heretofore visited that city. 

An excellent technical program has 
been arranged consisting of seven sessions 
on subjects of broad scope and current 
interest. Three of these sessions are 
symposiums; one on the important sub- 
ject of power system interconnection, 
another on the interesting topic of com- 
munication systems for electric utilities, 
and the third dealing with history of 
electrical units, the volt, the ampere, and 
the ohm. Also there will be sessions on 
power cables, automatic stations, elec- 
trical machinery, and research. 

The general convention committee has 
arranged an excellent series of entertain- 
ment features, sports, and inspection 
trips to afford visitors an attractive week 
of enjoyment. On Monday evening the 
president’s reception will be held; Tues- 
day evening there will be a get-together 
dinner with entertainment; Wednesday 
evening the convention banquet will be 
given. All of these events will be held 
at the Grove Park Inn convention head- 
quarters and each will be followed by 
dancing. 

A complete list of events, tentative 
technical program and a description of the 
inspection trips was published in Exuc- 
TRICAL ENGINEERING, May, 1931, pp. 
368-371. The few minor changes in 
program completed since the first an- 
nouncement are outlined in the following 
paragraphs. 


TECHNICAL SESSIONS 


“Field Transients in Magnetic Sys- 
tems”’ by Ernst Weber of the Polytechnic 
Institute of Brooklyn, N. Y., has been 
added to the Tuesday morning session on 
electrical machinery. ‘‘Residual Air 
and ~Moisture :in Impregnated-Paper 
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Insulation III’ by J. B. Whitehead and 
F. Hamburger, Jr., of the Johns Hopkins 
University, Baltimore, has been trans- 
ferred from the research session to the 
Thursday morning cables session. 


Go.tr—SpeciaL TOURNAMENT RULES 


For golfers the main event will be the 
annual tournament for the Mershon 
Trophy, to be played over the excellent 
18-hole course of the Biltmore Forest 
Country Club. This club is about three 
miles from the center of Asheville in the 
heart of the Biltmore Forest development. 
It is surrounded by beautiful homes and 
from almost every point there are beauti- 
ful mountain views. 

It is essential that the qualifying round 
of the Mershon Trophy tournament be 
completed; this will mean that guests 
arriving after Monday will be unable to 
enter this competition. 


The competition will consist of qualification 
round of eighteen holes, (handicap medal play) 
followed by match play (handicap). 


The sixteen low net scores will qualify for the 
match play rounds, which will be played 
Tuesday afternoon, Wednesday afternoon, and 
Thursday, morning and afternoon. 


Arrangements will be made by the committee 
for officers, section delegates, ef. al., to play their 
qualification rounds at any convenient time on 
Monday, so as to avoid missing their scheduled 
meetings. 


No greens fees will be charged members 
or registered guests during the conven- 
tion; transportation to and from all 
courses will be provided. 


TrEnnNis 


The annual Mershon Trophy competi- 
tion in men’s singles will be played, 
together with men’s doubles, and if 
sufficient entries can be secured, ladies’ 
singles and mixed doubles also. 

The courts on which these games will 
be played will be announced later, but 
tennis players can be assured that excel- — 
lent courts (probably clay) will be avail- 
able for all who wish to use them. 

Entries for all these events should be 
in the hands of the committee not later 
than Monday afternoon, June 22. 


INSPECTION TRIPS 


One of the three optional all-day trips 
scheduled for Friday, June 26, will be to 
the recently completed 25-acre plant of 
the American Enka Corporation the only 
Rayon plant in North Carolina. Inspee- 
tion will be confined to the 4,400-kw. 
power plant and village onlys the pro- 
duction units will not be open for inspec- 
tion. The mill capacity is about 20,000 


Biltmore Forest Country Club, Asheville, N. C., scene: of the 
Mershon Trophy tournament June 22 and 24° 
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lb. (75,000 miles) of viscose yarn per 
day. 

Enka is about eight miles southwest of 
Asheville and, surrounded by the majestic 
mountains forming the southern extrem- 
ity of the Appalachian range, is considered 
one of the beauty spots of western North 
Carolina. A water storage and settling 
basin has been constructed in the form of 
a picturesque 6,875-aere-ft. artificial lake 
on the borders of which three modern 
villages have been created for plant 
employees. 

Invitations have been cordially ex- 
tended by the State of South Carolina, 


North Eastern District 


the City of Columbia, and the Lexington 
Water Power Company to visit that 
state, its capital, and the 200,000-hp. 
Saluda River development near Colum- 
bia. The power company has offered to 
arrange for transportation from the rail- 
road station to and from the dam where a 
barbecue will be given. Negotiations are 
pending with railway officials to run a 
special train from Asheville to Columbia 
at a reduced rate of fare. 

If enough persons attending the con- 
vention evidence sufficient interest in this 
trip, arrangements will be completed for 
an all-day excursion Saturday, June 27. 


Holds Busy Sessions at Rochester 


Bene to a close for the current 
fiscal year the Institute’s district meeting 
activities, engineers of the North Eastern 
District convened at the Sagamore Hotel 
in Rochester, N. Y., April 29-May 2. In 
addition to four regular technical sessions 
and a student convention there were held 
several special group meetings including 
a joint dinner meeting of national noise- 
study committees representing the Na- 
tional Electric Light Association, the 
National Electrical Manufacturers Asso- 
ciation, the American Society of Mechan- 
ical Engineers, the American Institute of 
Electrical Engineers, and other organ- 
izations. 

Particularly noteworthy were the many 
entertainment features and inspection 
trips arranged by the local committees. 
Inspection trips included visits to the 
plants of such widely known organizations 
as the Eastman Kodak Company, Strom- 
berg-Carlson Telephone Manufacturing 
Company, Bausch & Lomb Optical Com- 
pany, General Railway Signal Company, 
in addition to stations of the Rochester 
Gas & Electric Company. The more 
diversive trips included drives through 
the city and a trip to Niagara Falls. <A 
delightful series of special affairs kept 
women guests pleasurably active and 
should prove a future incentive for in- 
creasing feminine attendance at these 
meetings. Even the needs of golf and 
tennis enthusiasts were ably met. 

Special credit is due to everyone assist- 
ing in the supply, installation, and opera- 
tion of the public address system which 
was a most important contribution to the 
success of the technical sessions. Poor 
audibility in meeting rooms has killed the 
effectiveness of more than one otherwise 
good meeting. The ordinary installation 
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of stationary microphones has failed to 
solve the difficulties which arise with a 
peripatetic speaker who spends a goodly 
portion of his time addressing the black- 
board with his back toward his auditors. 
At Rochester the whole problem was 
admirably met with the newest thing in 
microphones, small units attached di- 
rectly to the lapel of the speaker’s coat 
thus removing the possibility of his walk- 
ing away from the ‘‘mike.’”’ The Bell 
Telephone Laboratories, Inc., and the 
Stromberg-Carlson Telephone Manufac- 
turing Company in collaboration installed 
and operated the equipment. 

Two of the technical sessions were 
devoted to miscellaneous subjects ranging 
from insulation research to induction- 
motor design. One session was given 
over to an exceptionally well organized 
symposium on the subject of noise, cover- 
ing its origin, measurement, and control. 
Several interesting and timely subjects 
erowded the student session, while the 
closing session dwelt upon the much- 
investigated but always popular subject 
of lightning and its related problems. 
Some of the ‘“‘high spots’’ of the various 
papers are touched upon in the para- 
graphs which follow. 


PowrrR CABLES AND DIELECTRICS 


In presenting his paper ‘‘Temperatures 
in Hlectrie Power Cables Under Variable 
Loading,’ EK. A. Church (A’29), Edison 
Electric [luminating Company, Boston, 
emphasized the need of a practical and 
reasonably accurate method for making 
these calculations to improve cable oper- 


ating efficiency. He gave a solution of 


the problem of determining the temper- 
ature rise from sheath surface to con- 
ductor, making use of Bessel functions 
and resolving the heat-flow cycle into its 


harmonies for separate solution as well 
as subsequent recombination in the 
proper phase relation to obtain the 
temperature cycle. The author stated 
that computations based upon his theory 
demonstrated that the temperature curve 
for any cable and load cycle may readily 
be calculated without excessive labor and 
with accuracies well within the necessities 
of cable constants. 

Theories and calculations pertaining 
to the “Proximity Effect in Cable 
Sheaths’”? were presented by Prof. H. B. 
Dwight (F’26), Massachusetts Institute 
of Technology, Cambridge. He described 
proximity effect as being the unequal 
distribution of alternating current over 
the cross-section of a conductor as caused 
by current in another (parallel) conductor 
and stated that in some cases its caleu- 
lation was of importance to prove its 
negligibility and in other cases to prove 
the importance of its consideration in 
connection with conductor design. _ 

Assuming cable insulation to be essen- 
tially an imperfect condenser, Prof. C. L. 
Dawes (M’15) and W. M. Goodhue, 
both of Massachusetts Institute of Tech- 
nology, Cambridge, presented a discussion 
of “Equivalent Circuits of Imperfect 
Condensers” as an aid to insulation 
studies and calculations. : 

“The Theory of Thermal Breakdown 
of Solid Dielectrics” as described by 
P. H. Moon (M’29), Massachusetts 
Institute of Technology, Cambridge, con- 
stituted a correlation of much of the 
work already done on the subject of 
thermal breakdown. It was the author’s 
stated aim to present this information in 
a form in which it could be used by the 
electrical engineer for the calculation of 
breakdown voltage. He emphasized the 
fact that thermal effects are but one of 
several mechanisms of breakdown, and 
that in calculating breakdown voltage, 
due regard must be given to this fact. 


Morors AND TRANSFORMERS 


Some of the reasons why induction mo- 
tors fail to develop their expected smooth 
speed-torque curves were described at 
length by P. H. Trickey (M’30), West- 
inghouse Electric & Manufacturing Com- 
pany, East Springfield, Mass. He stated 
that present knowledge attributes the 
undesirable ‘‘hooks’’ or ‘‘cusps” in the 
speed-torque curves to three causes at 
least: (1) harmonies in the field, (2) syn- 
chronous lock-in of stator and rotor 
harmonies, and 38) the effect of stator 
slots. The first of these occupied the 
author’s attention and it was his con- 
clusion that harmonies in the field form 
have a definite effect upon the speed- 
torque curve; also that the assumption 
of each harmonic acting separately is 
useful (though approximate) in deter- 
mining the speeds at which the worst 
cusps will occur. 
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In considering the determination of 
“Losses in Transformers for use with 
Mereury-Are Rectifiers,’ E. V. DeBlieux 
(A’30), General Electric Company, Pitts- 
field, Mass., reviewed theoretical calcula- 
tions previously published and discussed 
the assumptions involved. Methods 
proposed for an A. I. E. E. Standard also 
were described and a mathematical basis 
for them offered. Effort is being put 
forth to achieve a satisfactory method 
for determining rectifier transformer losses 
independent of rectifier losses. 


“The Three-Circuit Transformer’? was 
treated at length by C. F. Estwick 
(M’25), General Railway Signal Com- 
pany, Rochester, N. Y. That class of 
transformer was described as _ being 
divided into two distinct types depending 
upon the relative directions of the fluxes 
in the mutual paths of the magnetic 
circuit. A typical problem for each case 
was cited and a mathematical analysis 
given. 


Corr-Loss MrasurEMENT 


A method and apparatus for deter- 
mining the core losses in magnetic sheet 
steels at high-flux densities were described 
by B. M. Smith (A’30) and C. Concordia 
(A’31), General Electric Company, 
Schenectady, N. Y. Modern demands 
require machines and equipment to be 
designed within narrowing limits and this 
necessitates more attention to the accu- 
rate determination of the characteristics 
of materials. The authors presented data 
in support of their contention that now 
it is possible to measure core losses for 
densities up to B = 20,000 conveniently 
and accurately, and that in order to 
obtain a true measure of “‘B max.’ it is 
not necessary to maintain a sine wave of 
induction. 


Symposium on NoisEe 


All seven of the papers presented at 
the noise session were liberally abstracted 
in the May 1931 issue of Execrrican 
ENGINEERING (pp. 340-354); hence they 
will be given no further attention here. 


STuDENT SESSION 


President Lee (F’13) was introduced by 
Professor C. W. Henderson (A’20), 
chairman of the district committee on 
student activities, and emphasized very 
forcefully the benefits received by stu- 
dents who attend and participate in such 
meetings, stating that otherwise the 
contacts thus made with men and the 
electrical industry might not be made for 
months or years. He urged the young 
men to learn to speak and write clearly 
and concisely, as the presentation of 
reports would constitute a very importan 
part of their engineering work. : 
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Technical papers presented by students 
are outlined in the following paragraphs: 

“The Theory of the Capacitance Po- 
tentiometer’”’ as presented by A. W. 
Moon and W. E. Brainard, Cornell 
University, Ithaca, N. Y., deduced rela- 
tions for the characteristics of a trans- 
former circuit which would be suitable 
for use for connection across a portion of 
a string of high-voltage insulators. Such 
a connection is used now for certain 
instrument circuits where the cost of 
high-voltage instrument transformers is 
unwarranted; it was suggested for other 
possible light-load uses including radio 
beacons. 

As a result of ‘Tests on 14-Megacycle 
Antenna Systems’ reported upon by 
C. B. Evans, University of New Hamp- 
shire, Durham, the author stated that 
from experiment it appears that the most 
suitable radiator for 14-megacycle general 
amateur radio communication is a hori- 
zontal half-wavelength Hertz antenna 
placed as high as possible and fed as 
easily and as efficiently as possible. His 
results showed also that although an- 
tenna operation on the second harmonic 
is satisfactory, operation on the funda- 
mental frequency is better. 


In describing methods of ‘‘Revision of 
Distribution Transformer Networks,’’L.O. 
Spencer, University of Maine, Bangor, 
emphasized the economic desirability 
of building up a system of distribution 
maps and records, and equipment records, 
particularly on the older systems and 
where small communities and rural areas 
predominate. He based his comments 
upon experience with a northeastern elec- 
tric service company whose lines and 
services were severely damaged by an 
unusually severe sleet storm in 1929, the 
replacement and reconstruction of these 
lines being rendered extremely difficult 
by a lack of adequate line and equipment 
records. 


In a “Study of the Torque-Time and 
Slip-Time Relation of an Induetion-Motor 


Flywheel Set Operating on a Mine Hoist,” ~ 


D. C. Robinson and R. W. Stone, Syra- 
cuse (N. Y.) University, attempted to 
solve some of the problems of industrial- 
motor applications where energy de- 
mands vary over a wide range within 
one cycle of operation. The authors 
presented fairly extensive experimental 
results together with mathematical and 
graphical analyses. 


Possibilities surrounding ‘‘The Piezo- 
electric Oscillator in the Power Industry” 
were described by B. H. Buckingham, 
Massachusetts Institute of Technology, 
Cambridge. Super-synchronous opera- 
tion of widely separated power systems 
through Piezo oscillator frequency control 
was suggested as a possibility at some- 
time in the future, assuming that the 
erystalline structure already successfully 
applied to the synchronization of two or 


more radio broadeast stations could be 
developed to meet the relatively rigorous 
demands of power-system regulation. 

“A Modern Short-Wave Amateur 
Transmitter,” recently built by the Yale 
Radio Club, was deseribed by Donald 
Bergener of Yale University, New Haven, 
Conn. The set was designed and built 
with particular attention to high-effi- 
ciency and stable-frequency operations in 
the three amateur channels, 3,500-4,000 
ke., 7,000-7,300 ke., and 14,000-14,400 ke. 
The circuit used is the tuned-plate 
untuned-grid type, with a power am- 
plifier of the class-C type, using two 
of the ’52-type tubes. A power supply 
common to both oscillator and amplifier 
is fed from a three-phase bank of 
220/2,000-volt transformers through a 
mercury-vapor rectifier and ‘‘brute-force”’ 
filter. In operation both the amplifier 
and oscillator are keyed simultaneously 
by changing the grid bias, thus effectively 
eliminating noticeable key clicks. Highly 
successful intercontinental communica- 
tion with the set was reported. 

In their “Study of the Fynn-Weichsel 
Motor,” G. S. Brown and J. C. Gibson, 
Massachusetts Institute of Technology, 
Cambridge, presented an analytical de- 
scription of that motor and its operating 
characteristics in the direction of power- 
factor correction. The authors stated 
that in their opinion the power-factor 
corrective ability of the motor is in 
certain cases a valuable asset, but recom- 
mended careful consideration of the local 
conditions in connection with each in- 
dividual projected application. 


Under the title “Starting Windings” 
P H. Trickey, University of Maine, 
Bangor, presented a short-cut method of 
designing the auxiliary starting windings 
of split-phase induction motors. He 
based his findings and mathematical 
analyses upon practical design experience. 


SESSION ON LIGHTNING 


Seven papers presented by thirteen 
authors dealing with various phases of 
the lightning problems were given at the 
lightning session. These papers in gen- 
eral fell into three classifications: (1) 
theory, evolution, and laboratory de- 
velopment; (2) studies of the effects of 
natural lightning on operating systems; 
and (3) studies based upon the imposition 
of artificial lightning surges upon operat- 
ing systems. The paper ‘‘Characteristics 
of Lightning . . .” presented by F.W. Peek, 
Jr. (F’25), General Electric Company, 
Pittsfield, Mass., was devoted to showing 
how the various characteristics of light- 
ning may be obtained from measurements 
on operating lines and how such results 
may be applied advantageously in de- 
veloping line designs. The author 
stressed particularly the fact that oscillo- 
grams of traveling waves give a ‘“‘remark- 
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ably complete and easily read story of 
the life and characteristics of the lightning 
which produces them.’’ From these ob- 
served data the author described methods 
of determining cloud height, time of 
discharge, induced voltages, and current. 

In discussing ‘‘Lightning Discharges 
and Line Protective Measures,’ C. L. 
Fortescue (A’23), Westinghouse Elec. & 
Mfg. Company, East Pittsburgh, Pa., 
and R. N. Conwell (A’15), Public Service 
Electric & Gas Company, Newark, N. J., 
deseribed the mechanics of the develop- 
ment of a lightning stroke in a cloud and 
the formation of a surge on a line. 
Analyses of typical high-voltage line con- 
struction were presented to show the 
lightning performance obtained, and 
220-kv. operating experience records were 
offered to substantiate the belief that 
induced surges are of relatively small 
importance; also that the direct stroke 
is the criterion for good design. 


“Experimental Studies in the Propaga- 
tion of Lightning Surges on Transmission 
Lines,’ were described by O. Brune and 
J. R. Eaton (A’27), Consumers Power 
Company, West Jackson, Mich. The au- 
thors presented reproductions of cathode- 
ray oscillograms to show the attenuation 
and distortion of artificial lightning surges 
on a power transmission line, the voltages 
induced by such surges in parallel wires, 
and the effect on tower-footing impedance 
of ground wires or counterpoises. 


LIGHTNING EXPERIENCES 


Four of the papers presented were 
based upon data obtained from operating 
systems under natural lightning condi- 
tions. 

Edgar Bell (A’29) and A. L. Price 
(A’30), Pennsylvania Power & Light 
Company, Hazelton, Pa., described the 
results obtained from the continuation of 
their ‘‘Lightning Investigation on the 
220-Ky. System of the Pennsylvania 
Power & Light Company (1930).”’ Light- 
ning instruments in service on this system 
include some 300 lightning-stroke re- 
corders, more than a thousand surge 
indicators, 39 surge-voltage recorders, 
two cathode-ray oscillographs, three field- 
intensity recorders, four lightning-severity 
meters, in addition to magnetic oscillo- 
graphs and high-speed recording am- 
meters at terminal stations. These 
authors are convinced that at least a large 
proportion of the lightning kick-outs on 
their 220-kv. system are caused by direct 
strokes to line structures or conductors. 

Philip Sporn (F’30), American Gas & 
Electric Company, New York, and W. L. 
Lloyd, Jr. (M’27), General Electric Com- 
pany, Pittsfield, Mass., presented data 
from the ‘‘1930 Lightning Investigations 
on the Transmission System of the 
American Gas & Electric Company.” 
These authors reported that of 107 surges 
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recorded on the system in Ohio, 33 per 
cent were caused by lightning, and 60 per 
cent by switching. Of the surges caused 
by lightning 85 per cent were positive or 
predominantly positive, and 8.5 per cent 
were purely negative (a ratio of ten-to- 
one). Of the surges caused by lightning, 
half were oscillatory and half were not. 
Of the oscillatory group, half were posi- 
tive and half were negative. 

W. W. Lewis (M’13) and C. M. Foust 
(A’22), General Electric Company, Sche- 
nectady, in “Lightning Investigation on 
Transmission Lines—II,’’ reviewed the 
results of a five-year investigation of the 
effect of lightning on transmission sys- 
tems. The authors concluded that direct 
strokes play a prominent part in causing 
flashovers, but admitted that induced 
strokes also seem important. These 
authors contended that conventional 
overhead ground wires with low tower- 
footing resistance take care of direct 
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strokes as well as induced strokes, and 
operate to prevent flashovers. They also 
reflected and emphasized the opinion that 
the mechanism of a lightning stroke as 
yet is not understood, but that polarity 
effects are indicated to be of a highly 
important nature and worthy of careful 
consideration in line design. 

I. W. Gross (A’12), American Gas & 
Electric Company, New York, and J. H. 
Cox (A’25), Westinghouse Electric & 
Mfg. Company, East Pittsburgh, Pa., 
described the “Lightning Investigation 
on the Appalachian Electric Power Com- 
pany’s Transmission System.’”’ One of 
the characteristics of the system in 
question is the fact that tower-footing 
resistances almost universally are high, 
250-ohms or more in many cases. Special 
equipment installed on that system at 
the present time includes 21 klydono- 
graphs, one cathode-ray oscillograph, and 
35 direct-stroke recorders. 


Urged to Expedite Noise-Study Agreement 


Piva the Institute should officially 
recognize the importance of the several 
angles of the noise-study situation by 
appointing qualified representatives to 
cooperate actively with corresponding 
groups in other societies was the concen- 
sus of opinion of the Institute members in 
attendance at a joint dinner meeting held 
at Rochester, N. Y., May 1, 1931. The 
dinner meeting presided over by P. L. 
Alger (F ’30) chairman of the A. I. E. E. 
committee on electrical machinery and 
an aggressive leader in noise-study activi- 
ties, closed a day devoted to the presenta- 
tion and discussion of seven papers and 
the demonstration of four different types 
of noise-measuring instruments. Special- 
ists and various committee members 
contributed to the dinner discussion 
which was centered upon an attempt at 
selection of definite units and methods of 
measurement and evaluation of noise. 
Without a common language for these 
essentials no cooperative progress can 
be made. 


These topics have been under con- 
sideration for some time by committees 
of the N. E. M. A., A. S. M. E., and the 
Acoustical Society of America, and repre- 
sentatives of all these groups participated 
in the discussion. While no definite 
agreement could be reached, three princi- 
pal questions were crystallized, the 
answers to which form a fair y complete 
basis for a system of noise measurement: 


1. How shall the unit of noise measurement 
be defined? 


2. What is a suitable scale of values for noise 
that will cover the wide range of noise intensities 
met with in practise? 


3. What weighting factors shall be used to 
correlate the noises produced by sounds of 
different frequencies? 

The accompanying table listing the 
characteristics of eight different proposed 
noise measurement systems indicates the 
ways in which these questions have been 
answered by different investigators. The 
conclusions of the Rochester meeting are 
summarized in the following paragraphs 
by Mr. Alger. 


I—Tue Unit or Noise MrasurREMENT 


Since all noise is the result of waves of 
sound pressure, it is logical to measure it 
in terms of dynes per square centimeter 
pressure to which the name ‘‘equivalent 
bars”” might be given. Such a measure- 
ment being based wholly upon mechanical 
pressure will avoid many of the difficulties 
involved in a measure primarily based 
upon psychological effects which would 
necessarily change as more data are ob- 
tained. However, as tones of different 
frequencies are not equally audible, it is 
desirable to convert all measurements 
into equivalent sound pressure at a defi- 
nite standard frequency. On this basis, 
the consensus of opinion was that: 

Noise should be measured in equivalent bars of 


the sound pressure produced by a pure tone of 
frequency 1,000 cycles per second. 
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VARIOUS NOISE SCALES PUBLISHED OR PROPOSED ' UP TO. APRIL, 1931 


1 2, 3 4 5 6 7 8 
Pressure Sensation 
dynes level Noise Sound 
Name cm.? Intensity loudness level level Masking Deafening 
SCaIlG von.duruin Teinean ate) Danesh. ID Diet cecntD Ducerear ID} Ganue DYtevconon Db.... Arbitrary 
Ref. pt., 
dynes cm.? 0 6.5 Thshid: Thshld. 0.001 0.01 #£Thshid. Thshld. 
Frequency 1,000 700 Street 1,000 1,000 Warble Buzz 
noise 
Weighted No Yes Yes Yes Yes Yes Uses Uses 
ear ear 
Examples 
Just painful 2,500 50 130 130 125 105 115 100 
Just audible 0.0005 —80 0 0 —5 —25 0 0 
Average 
residence 0.05 —45 32 35 30 10 20 20 
Db. = decibel. Thshld = threshold. One decibel = 12 per cent change in sound pressure. 


JI—Tue Scaue or Noise MeasuREMENT 
VALUES 


As the range of audible sound pressure 
varies from 0.0005 to 2,500 equivalent 
bars a definition of noise in terms of 
pressure alone does not give a satisfactory 
impression of its magnitude. The loga- 
rithm of the sound pressure corresponds 
roughly to the sensation experienced, and 
this quantity is also very convenient for 
describing the sound transmission qual- 
ities of materials. For these reasons it 
was the consensus of opinion that: 
While noise may properly be expressed in 
equivalent bars (or milli-bars or kilo-bars), it 
is also desirable to express it on a logarithmic 
scale or in decibels where the difference in 
decibels between two pressures P; and Pp is 
given by 20 log P)/Po. The zero of the decibel 
scale (Po) should be taken at a convenient ref- 
erence point such as 0.001 or 0.01 bars at 1,000 
cycles. That is, one decibel is defined as a 
change in equivalent sound pressure of 12 per 
cent, 

There was some feeling that the ref- 
erence level should be taken as the thresh- 
old of audibility but the uncertainty of 
this level and the probability that it will 
change in future as more precise knowl- 
edge is gained led the majority to prefer 
the absolute level mentioned above. 


IJJI—FReQqUENCY-WEIGHTING F'acrors 


Since the audibility of sounds of differ- 
ent frequencies varies from zero for 
frequencies below about 20 cycles per 
sec. through a maximum at about 2,000 
and down again to zero at about 20,000 
eycles per sec., it is necessary to multiply 
the actual sound pressures by weighting 
factors to reduce them to a common 
basis. Also, since the relative audibilities 
of different sound frequencies vary greatly 
with the noise intensity, it is necessary to 
use different weighting factors for differ- 
ent levels of noise. It does not seem 
practical at present to have a uniformly 
varying weighting factor scale incorpo- 
rated in a noise-measuring device, so that 
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it seems best to establish several different 
weighting-factor curves for use in differ- 
ent zones of noise. It was the consensus 
of opinion, therefore, that: 


Approximately three distinct frequency- 
weighting-factor curves should be agreed upon, 
on the basis of average experimental results with 
a series of observers, for use in noise zones of 
approximately 0-20, 20-50, and above 50 db. 


All noise measuring instruments should 
then be equipped with three networks, 
giving these multiplying factors for 
different frequencies, and all measured 
results should be accompanied by a 
statement of the network used. 


IV—ADDiTIONAL QUESTIONS 


Questions requiring further discussion, 
although their solutions do not seem 
necessary for immediate progress, are: 


4. How shall allowance be made for the 
fact that all noise-measuring instruments so far 
known record the r. m. s. value of the weighted 
sound pressures, whereas the ear gives more 
weight to the notes of higher intensity, and to 
certain disagreeable combinations of them? 


5. How shall allowance be made in com- 
mercial measurements for reflections from walls 
and other objects near the source of sound? 


6. How shall allowance be made for the fact 
that low-frequency noises are more easily trans- 
mitted through structures than high-frequency 
noises, so that the relative sound pressures of 
different frequencies vary with the distance 
from the source? 


_ 7 How shall the commercially acceptable 
noise levels for different types of apparatus and 
different locations be defined? 


It is believed that agreement on the 
three principal questions can be reached 
in a reasonable period through joint 
action of the committees of the several 
interested. engineering societies. The 
Bureau of Standards and other labora- 
tories have-.agreed to accept any conclu- 
sions reached by these _ engineering 
committees; hence responsibility rests 
upon the engineering societies for bringing 
this matter to a conclusion. 


District Executive Committee: 


Meets at Rochester, N. Y. 


The executive committee of District 
No. 1 held a luncheon meeting on Thurs- 
day, April 30, during the District meeting 1 
in Rochester. In the absence of Vice- 
President I. E. Moultrop (F ’29), Wellen 
H. Colburn (M ’26) served as temporary 
chairman. : 

A. C. Stevens (M ’26), secretary- 
treasurer of the District, presented a 
detailed statement of receipts and expen- 
ditures since the October meeting of the 
committee, and H. J. Klumb (A ’16), 
chairman of the local executive committee 
for the Rochester meeting, supplied infor- 
mation regarding some of the expenses 
incurred in that connection. ; 

It was announced that the board of 
directors had approved the holding of a 
District meeting in Providence early in 
May of 1932, and, after a discussion 
regarding the most desirable time, the 
dates of May 4-7 were chosen to be 
recommended to the executive committee 
for 1931-32. 


Student Activities Conference 


Held at Rochester 


The North Eastern Distriet’s annual 
conference on student activities was held 
as a luncheon meeting on Friday, May 1, 
with Prof. C. W. Henderson (A ’20), 
counselor Syracuse University Branch 
and chairman of the District committee 
on student activities, presiding. Nine of 
the thirteen Branches in the District were 
represented -by their counselors and 
chairmen; one was represented by the 
counselor only. Prof. Henderson was 
re-elected chairman of the District 
committee on student activities; Prof. 
C. L. Dawes -(M ’15), counselor of 
Harvard University Branch, and Prof. 
W. B. Hall, (M ’28), counselor of Yale 
University Branch, were elected to serve 
with him on the executive committee of 
the District committee. 

Professor F. M. Sebast, (M ’27),; 
counselor of the Rensselaer Polytechnic 
Institute Branch, and past-chairman of 
the District committee on student activi- 
ties, presented a comprehensive report 
upon the types of technical papers pre- 
sented in the past by students in the 
District, and discussed some of the factors 
involved in efforts to encourage all 
Branches to submit papers for the annual 
meeting. 

Henry H. Henline (M 96), assistant 
national secretary, gave a brief summary 
of the types of student papers presented 
in such sessions in other Districts, and 
the subjects discussed at their conferences. 
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In the discussion that followed, the 
principal topics mentioned were (1) the 
desirability of active student participa- 
tion in the Branches, (2) importance of 
interesting sophomores and juniors, (3) 
contacts with Sections, (4) methods of 
getting more of the practising engineers 
to attend student sessions, and (5) the 
importance of visits to the Branches by 
national officers. 

Prof. W. H. Timbie (F ’24), counselor 
of the Massachusetts Institute of Tech- 


A Summary of 


nology Branch, and chairman of the 
A.1.E.E. committee on student Branches, 
spoke briefly of the great need among 
high school students for accurate informa- 
tion on electrical engineering, and men- 
tioned the plans of his committee to 
supply it. 

President Lee spoke briefly upon the 
importance of the student activities, and 
mentioned the provision for allowing 
traveling expenses to the vice-presidents 
for visits to the Branches in their districts. 


Some Rochester Discussions 


Ohi discussion given at the meeting 
and submitted in writing in accordance 
with governing A. I. E. E. rules is sum- 
marized; complete discussion, together 
with all papers so approved, will be 
published in the Transactions. The 
titles of the papers and the names of their 
respective authors were published in 
ELectricaL ENGINEERING. April 1931, 
page 302. 


Evrctric Powrr CABLES 


F. L. Buller’s discussion of ‘‘Temper- 
atures in Electric Power Cables Under 
Variable Loading’? was read by P. L. 
Alger. It called attention to the. state- 
ment on page six of the paper where the 
heat storage capacity of the lead sheath 
was neglected. He pointed out that in 
large cables the thermal capacity of the 
sheath was often equal to 80 per cent of 
that of the conductor and 25 per cent of 
that of the cable as a whole and for other 
types of cable it might even be of a larger 
percentage. He suggested that the equa- 
tions in the paper should be analyzed to 
determine the effect of the omission of this 
factor on the results. 

R. W. Atkinson discussed ‘‘Proximity 
Effect in Cable Sheaths’” particularly 
formula (7) of the paper which related to 
sheath losses in three-conductor cables. 
He analyzed this formula transforming it 
into a convenient form of application and 
presented an approximate sheath-loss 
formula for three-conductor cables which 
gave values for sheath loss but from 2 
per cent to 5 per cent higher than that 
obtained from formula (7) in the paper. 


Morors—TRANSFORMERS 
C. G. Veinott discussed “‘Cusps in the 
Speed-Torque Curves of Induction Mo- 


tors.”’ He believed that quantitatively 
it would be more accurate to assume the 
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harmonic motors excited by constant 
primary current rather than by constant 
primary voltage. 

G. Camilli discussed ‘“‘Core Loss Mea- 
surements at High-Flux Densities’ and 
believed it would have been of great value 
had data been given to show just what 
errors would have occurred had the older 
methods of measurement been used. 


Maaenetic Noss In SYNCHRONOUS 
Macuines 


H. D. Taylor discussed this subject and 
explained that the theory described by 
the authors which accounted for tooth- 
frequency noise was very similar to one 
developed by his associates and confirmed 
by several years’ experience in designing 
and testing low-speed synchronous ma- 
chines. Mr. Taylor’s experience also 
confirmed the authors’ statement that 
the worst cases of noise are likely to be 
associated with pole-and-slot combina- 


Floodlighting at Sea 


tions giving nearly an integral number of 
slots, per pole. His experience with re- 
spect to the frequency of. noise differed 
from the authors’ rule. Analysis indi- 
cated that it should be. a multiple of 
twice the line-voltage frequency times 
the integer nearest to the number of 
slots per pole. ; 

C. E. Kilbourne discussed this subject 
also and explained that from a number of 
observations on machines having several 
types of rotors he had never found a case 
where noise could be directly traced to 
the rotor. Stethoscopie analysis of the 
stator itself indicated an increase’ in 
the volume of noise from that stator core. 
Another valuable part of his discussion 
analyzed the general equation of A. L. 
Ruiz for the vibration of a homogeneous 
ring which when there are a large number 
of nodes with an increased frequency is 
more accurate of application to this 
problem than is Timoshenko’s equation. 


Macurnery Noise In BUILDINGS 


J. A. Jackson. discussed this subject 
and explained that a much closer co- 
operation between the electrical industry, 
the architects, and the consulting engi- 
neers would be needed to solve completely 
the noise troubles which arise in buildings, 
With a tendency to reduce building cost 
resulting in a lighter type of construction, 
this problem within the past few years 
has become increasingly diffieult.. Thin- 
ner walls, floors and ceilings vibrate more 
readily and act as sounding boards. 


LIGHTNING 


F. E. Andrews discussed this subject 
and gave data obtained by the perform- 
ance of 132-kv. lines which substantiated 
the value of ground wires for preventing 


d Rocenes 128 ft. above the water line, the floodlighted funnels of the new 
758-ft., 42,500-ton Canadian Pacific liner ‘‘Empress of Britain’’ are expeeted to be 


visible for 30 miles. 
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interruptions. Lines of double-cireuit 
steel-tower construction with only a 
single ground wire over single-cireuit 
portions of these lines had on the average 
3.78 interruptions per 100 mi. per year 
while parts of these lines which had 
double circuits with a ground wire above 
each circuit had only an average of 1.10 
interruptions per 100 circuit miles per 
year. 

L. V. Bewley discussed Mr. Peek’s 
paper “‘Lightning’’ and explained that 
by tying down into a single set of curves 
(Fig. 6) the seven main factors which 
characterize the magnitude and shape of 
induced-voltage waves due to a lightning 
discharge, it constituted an outstanding 
contribution to the present knowledge 
of magnitudes of induced strokes. By 
mathematical demonstration he  illus- 
trated the application of these equations 
in the Appendix of Mr. Peek’s paper to 
a specific case. 


LIGHTNING vs. LINE PROTECTION - 


K. B. McEachron discussed “Lightning 
Discharges and Line Protective Mea- 
sures’’ and in connection with the authors’ 
versions of the mechanism of lightning 
strokes he believed it would be helpful if 
the authors could give a more detailed 
explanation of just what they believed 
happened during the interval just before 
and after lightning strikes. Another 
point in his discussion referred to the 
separations between line and ground 
wires as shown in Figs. 3 and 4 of the 
paper; these he believed were unneces- 
sarily large since many lines similar to 
that shown in Fig. 4 but with much 
smaller clearances between line and 
ground wires and low tower-footing re- 
sistance have had excellent operating 
records. 

J. J. Torok’s discussion of ‘‘Lightning 
Discharges and Line Protective Mea- 
sures’ was read by J. H. Cox. To supple- 
ment the general treatise of the paper the 
results of calculations of the effects of the 
tower on the reflections of traveling waves 
were illustrated with lantern slides. Mr. 
Torok also explained that the analysis 
and accompanying curves as presented in 
the paper were of considerable importance 
as they give for the first time a clear 
insight into the happenings on a trans- 
mission line at the time it is struck. 


EXPERIMENTAL LIGHTNING STUDIES 


L. V. Bewley discussed ‘‘Experimental 
Studies in the Propagation of Lightning 
Surges on ‘Transmission Lines’ with 
particular references to the authors’ con- 
clusions about the counterpoise. He 
presented data from tests and equations 
which substantiated his belief that the 
major benefit to be derived from the use 
of a counterpoise was a reduction in true 
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grounding resistance, and that the surge 
impedance and reflections are quite sub- 
sidiary effects. These results indicate 
that a given length of wire is most 
efficiently employed as a counterpoise by 
using it as a number of short lengths in 
parallel radiating out from the tower 
rather than as a single length. The 
direction of the counterpoise it was 
thought has no particular virtue. 

J. H. Cox discussed “Lightning In- 
vestigations on Transmission Lines—II.”’ 
He believed that these data were gratify- 
ing as they indicated the benefits derived 
from the use of a ground wire. He 
commended also the results contained in 
Table I on the use of buried cable to 
reduce tower-footing resistance. On the 
other hand he cited reasons why he did 
not agree with the authors that a direct 
stroke to a line conductor would provide 
necessarily sufficient voltage for insula- 
tion breakdown. 


Do Streamers Buitp Ur or Down? 


K. B. MeEachron discussed the mech- 
anism of the lightning stroke and the 
probability of discharges proceeding from 
the tower to the cloud when the cloud is 
negative. In the light of present evidence 
he believed that in order to obtain definite 
evidence from which to build up an 
adequate theory further study should be 
given to the determination of the manner 
of propagation of discharges. 


1931 Lamme Medal 
Nominations Must 


be Made by October 1 


Special attention is directed to the fact 
that the names of Institute members who 
are considered eligible candidates for the 
Lamme Medal to be awarded in the Fall 
of 1931 may. be submitted by any mem- 
ber in accordance with Section I of 
Article VI of the By-laws of the Lamme 
Medal Committee, as quoted in the 
following: 

The committee shall cause to be published in 
one or more issues of the A. I, E. E. Journau 
each year, preferably including the June issue, 
a statement regarding the ‘‘Lamme Medal’’ 
and an invitation for any member to present 
to the national secretary of the Institute by 
October 1 the name of a member as a candidate 
for the medal, accompanied by a statement of 
his ‘‘meritorious achievement’’ and the names 
of at least three engineers of standing who are 
familiar with the achievement. 


Kach nomination should give concisely 
the specifie grounds upon which the award 
is proposed, and also a complete detailed 
statement of the achievement of the 
nominee, to enable the committee to 


determine its significance as compared 
with other candidates’. If the work of 
the nominee has been of a somewhat 
general character in cooperation with 
others, specific information should be 
given regarding his individual contri- 
butions. Names of endorsers should be 
given as specified ahove. 

The Lamme Medal, founded as a result 
of a bequest of the late Benjamin G. 
Lamme, chief engineer of the Westing- 
house Electric & Mfg. Company (deceased 
July 8, 1924), provides for the annual 
award by the Institute of a gold medal— 
together with bronze replica thereof—to 
a member of the A. I. E. E. ‘“‘who has 
shown meritorious achievement in the 
development of electrical apparatus or 
machinery;’”’ for the award of two such 
medals in some years if the accumulation 
of funds warrants. 

The third (1930) Lamme Medal has 
been awarded to Dr. William James 
Foster (F716) consulting engineer, (re- 
tired), General Electric Company, Sche- 
nectady, N. Y., “for his contributions to 
the design of rotating a-c. machinery;”’ 
presentation to be made during the sum- 
mer convention at Asheville, N. C., 
June 22-26, 1931. 


Edison Bust Unveiled 


in German Hall of Fame 


Dedicated to the ‘‘spirit of indomitable 
research” the remarkable likeness of 
Thomas Alva Edison sculptured by 
Mrs. Evelyn Longman Batchelder was 
unveiled in the Hall of Honor of the 
Deutsches Museum, Munich,.Thursday, 
May 7, 1931. Sponsored jointly by the 
Edison Pioneers and the American 
Institute of Electrical Engineers, this 
marble bust (see EtecrricaL HNGINEER- 
ING, Jan. 1931, p. 59), was bestowed upon 
the museum at the time of its annual 
meeting presentation being made by 
H. H. Barnes, Jr., chairman of the joint 
committee of sponsors, and on behalf 
of the electrical engineers of America. 
Response to the presentation address 
was given by his excelleney Dr. Oscar 
von Millar, the genius to whom eredit 
is due for the creation of the museum and 
its development to the present imposing 
proportions. Dr. von Millar paid tribute 
to Mr. Edison “‘as a world figure and as a 
benefactor of humanity.” 

Dr. H. Schacht, chairman of the board 
of directors of the museum, former presi- 
dent of the Reichsbank, and spokesman 
for German interests during the drafting of 
the Young Plan, presided over a group of 
some 400 statesmen, scientists, and 
industrial leaders from all over Germany. 
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The Deutsches Museum has arranged 
five rooms in its electrotechnical division, 
one the Hall of Honor and the others 
devoted respectively to historic exhibits 
of transformers, storage batteries, trans- 
mission materials, and the industry in 
general. In the Hall of Honor there is in- 
stalled the first dynamo made by Werner 
von Siemens along with other early 
models of dynamos. The Hdison bust is 
one of two accorded a position in the 
Hall; the other is that of von Siemens. 
On the pedestal of the Edison bust is 
inscribed: 


The great inventor to whom the world is 
indebted for pioneering advances in the most 
varied fields of scientific and engineering 
endeavor. 


On the pedestal of the von Siemens 
bust there is the inscription: 


The distinguished scientist and engineer whose 
work created the foundation of electrotechnics. 


The personnel of the joint committee 
which handled all details for the 
A.J. E.E. and the Edison Pioneers 
included as representatives of the Insti- 
tute, H. H. Barnes, Jr. (F'’138), vice- 
president, General Electric Company, 
chairman; H. P. Charlesworth (F ’28), 
vice-president, Bell Telephone © Labo- 
ratories, Ine., and a_ vice-president 
Ama hehe eK Go lhrank. —(Moet4)) 
consulting engineer of New York; and 
C. E. Stephens (M ’22), vice-president 
and northeastern district manager of the 
Westinghouse Electric & Manufacturing 
Company and a director of the A. J. E. E. 
John W. Lieb (deceased) was the first 
chairman of the joint committee. Repre- 
senting the Edison Pioneers were Edward 
D. Adams (A.’10), deceased; W.S. Barstow 
(F ’12—Life Member), president, W. S. 
Barstow & Co., N. Y.; G. F. Morrison, 
honorary vice-president of the General 
Electric Company; and W. H. Meadow- 
croft, of the Edison Laboratories. 


Lighting Pioneer 
Dies on Pacific Coast 


Augustus D. Curtis, president and 
founder of Curtis Lighting, Ine., died 
suddenly April 29,. 1931, at Beverly 
Hills, California, at the age of 65. 

His passing culminates a life devoted 
to the art and science of illumination, 
his major contribution being the active 
promotion of indirect lighting andthe 
foundation of a company dedicated to 
the advancement of lighting. Mr. Curtis 
was born at’ Hawley, Pa., October 14, 
1865, the son of a country physician. 
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A. |. E. E. Directors 
Meet in New York 


Tee regular meeting of the board of 
directors of the American Institute of 
Electrical Engineers was held at Institute 
headquarters, New York, Tuesday, May 
19, 1931. Present were: president— 
W.S. Lee, Charlotte, N. C. Vice-presi- 
dents—W. S. Rodman, Charlottesville, 
Va.; C. E. Sisson, Toronto, Ont.; G. C. 
Shaad, Lawrence, Kans.; H. P. Charles- 
worth, New York, N. Y. Directors— 
EK. B. Meyer, Newark, N. J.; J. Allen 
Johnsen, Buffalo, N. Y.; A. M. Mac- 
Cutcheon, Cleveland, Ohio; F. W. Peek, 
Jr., Pittsfield, Mass.; C. HE. Stephens, 
A. E. Knowlton, R. H. Tapscott, New 
York, N. Y.; A. B. Cooper, Toronto, Ont. 
National treasurer—W. I. Slichter, New 
York, N. Y. National secretary—F. L. 
Hutchinson, New York, N. Y. 


The minutes of the directors’ meeting 
of March 12, 1931, were approved. The 
board ratified its executive committee’s 
action of April 3, 1931, in enrolling 66 
Students; electing 128 Associates, 6 
Members, and 1 Fellow; transferring 15 
to Member grade and 5 to Fellow grade. 


Reports of board of examiners’ meet- 
ings of March 25 and April 29 were 
presented and approved. Upon the 
recommendation of the board of examin- 
ers, 138 Students were enrolled; 87 
Associates were elected; 6 Members were 
elected; 6 applicants were transferred to 
the grade of Member. 


Approval by the finance committee, for 
payment, of monthly bills amounting to 
$30,268.77, was ratified. 

The national secretary reported 1,805 
members in arrears for dues for the fiscal 
year which ended April 30, 1931, and was 
directed to transfer their names from the 
mailing list (after the distribution of the 
June and July issues of Enrecrricau 
ENGINEERING) to a “‘suspended”’ list, and 
to employ the usual methods ‘of collecting 
these dues and restoring the members to 
the active membership list. 

The annual report of the board of 
directors to the membership for the fiscal 


year which ended April 30, 1931, as pre- 


pared under the direction of the national 
secretary, was considered and approved 
for presentation at the annual meeting of 
the Institute at Asheville, N. C., June 22. 

The national treasurer presented a 
report covering the fiseal year just closed. 
Annual reports of the general standing 
committees (exclusive of the reports of 
the technical committees, which will be 
presented at the summer convention in 
June) were received. Abstracts of these 
reports were incorporated in the board of 
directors’ annual report. 


The national secretary submitted a 
report relating to several proposed Insti- 
tute activities and upon his reeommenda- 
tion the president was authorized to 
appoint a special committee to study and 
report upon present and proposed Insti- 
tute policies. 

Authorization was given to the meet- 
ings and papers committee to schedule 
two papers by non-members for the sum- 
mer convention. 

The report of the committee on award 
of Institute prizes, of the awards made 
covering the year 1930, was presented 
and accepted. 

Upon the recommendation of the 
standards committee, (1) approval was 
given to a minor revision of A. J. EH. E. 
Standard No. 26 on ‘‘Automatiec Stations,” 
made by the committee on automatic 
stations; (2) approved for presentation to 
the American Standards Association for 
consideration as an American Standard, 
“Symbols for Mechanics, Structural Engi- 
neering, and Testing Materials,’ prepared 
by the sectional committee on scientific 
and engineering symbols and abbrevia- 
tions. As a member-body of the Ameri- 
can Standards Association, the Institute’s 
approval was given to proposed revisions 
of the constitution of that organization. 

A report was presented of a special 
committee appointed upon the recom- 
mendation of the delegates’ conference at 
the 1930 summer convention, to consider 
membership grades in the Institute (below 
that of Member), entrance and transfer 
fees, ete. This report, in effect, recom- 
mended that no change be made at this 
time in the present arrangement of in- 
cluding all members below the grade of 
Member in the single grade of Associate, 
and that the entrance and transfer fees 
now in force be continued. Report 
approved. 

In accordance with Section 37 of the 
Institute’s constitution, consideration was 
given to the appointment of a national 
secretary for the administrative year 
beginning August 1, 1931. F. L. Huteh- 
inson, present national secretary, was 
reappointed, and a resolution was adopted 
expressing the board’s appreciation of the 
value of bis services. 

As a result of a communication from 
the Polish Association of Electrical 
Engineers, suggesting cooperation, the 
secretary was authorized to make arrange- 
ments with that organization for the 
exchange of membership privileges for 
visiting members, similar to the arrange- 
ments in force with several other foreign 
engineering societies. 

An invitation to send delegates to the 
Fourth Pan American Commercial Con- 
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ference, in Washington, October 5-12, 
1931, was accepted and the president was 
empowered to appoint the delegates. 
Other matters were discussed, refer- 
ence to which may be found in this and 
future issues of ELECTRICAL ENGINEERING. 


Who Received 
The First E. E. Degree? 


Recent efforts upon the part of Insti- 
tute headquarters to answer the question 
as to what American college was the first 
to award a degree in electrical engineering 
resulted in the collection of the following 
interesting information: 

The Tufts College catalogue for 1882- 
83 contained an announcement of a course 
in electrical engineering arranged in con- 
nection with other departments of instruc- 
tion extending over a period of three 
years and leading to a special degree. 


In June 1883, F. S. Pearson received a 
degree in civil engineering at Tufts Col- 
lege, and in 1885 he was awarded a new 
diploma containing recognition of the 
fact that he had completed the course in 
electrical engineering. Thus, while the 
use of the expression ‘“‘electrical engineer- 
ing’ in connection with a degree was first 
used at Tufts College in 1885, it was 
made retroactive by the issuing of a 
new diploma. 

Lehigh University announced in its 
catalogue for 1883-84 a special advanced 
course in electrical engineering requiring 
one year for completion. The first class 
entered in the fall of 1884 and completed 
the work in June 1885, receiving certifi- 
cates but not degrees. The first degrees 
in electrical engineering at this university 
were awarded in 1891. 

The Massachusetts Institute of Tech- 
nology announced August 1, 1882, the 
establishment of a four-year curriculum 
in electrical engineering under the admin- 
istration of the department of physics, 
beginning with the opening of the 
academic year 1882-83. Two degrees for 
completion of this curriculum were 
awarded in 1885. 


The Cornell University curriculum in 
electrical engineering was established 
early in 1883 as an offshoot of the depart- 
ment of physics, and the first degrees 
were awarded in 1885. 

Additional information regarding early 
degrees in electrical engineering will be 
deeply appreciated by the Institute head- 
quarters staff. Address correspondence 
to Henry H. Henline, assistant national 
secretary, A. I. E. E., 33 West 39th St., 
New York, N. Y. 
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Institute Prize Awards 


Announced for 1930 Papers 


Four national prizes for papers sub- 
mitted during the calendar year 1930 
have been announced by the committee 
on award of Institute prizes, which com- 
mittee consists of A. E. Knowlton 
(F ’30) chairman, L. W. Chubb (F ’21) 
and W. S. Gorsuch (M’17). These 
prizes in each ease consist of $100 in cash 
and suitable certificates; in cases of joint 
authorship fhe cash to be divided. 
Personal presentation of the prizes will 
take place at the first session of the 
Institute’s summer convention at Ashe- 
ville, N. C., June 22-26, 1931. 


District prizes as announced by five 
Districts include ten awards of $25 each 
together with appropriate certificates. 
As in the case of the national prizes, 
where tbere is a joint authorship the cash 
awards are divided. 


NATIONAL PRIZES 


First prize for theory and research, awarded 
jointly to R. H. Park (A ’27) and W. F. Skeats 
(A '27) for their paper ‘“‘Circuit-Breaker Re- 
covery Voltages’’ presented at the Middle 
Eastern District meeting, Philadelphia, Pa., 
October 13-15, 1930. 


First prize for engineering practise, awarded 
to V. M. Montsinger (F’29) for his paper 
“Loading Transformers by ‘'Temperature’”’ 
presented at the winter convention, New York, 
January 27-31, 1930. 


Honorable mention was made of the paper by 
W. B. Kirke (A ’19), ‘‘The Calculation of Cable 
Temperatures in Subway Ducts’’ presented at 
the North Eastern District meeting, Springfield, 
Mass., May 7-10, 1930. 


No prize was awarded in the field of public 
relations and education. 


NaTIoNAL Prize ror INITIAL PAPER 


Initial-paper prize awarded jointly to E. E. 
George (M ’29) and R. H. Bennett, Jr., (A ’25) 
for their paper ‘Directional Ground Relays” 
presented at the summer convention, Toronto, 
Ont., June 23-27, 1930, 


Honorable mention given to E. T. J. Brandon 
(F ’20) for his paper ‘‘The 220,000-Volt System 
of the Hydro-Electric Power Commission of 
Ontario’’ presented at the summer convention, 
Toronto, June 23-27. 


NATIONAL Prizb roR BRANCH PAPER 


Branch-paper prize awarded jointly to J. R. 
Outt and E. H. Pemberton for their paper ‘‘Neu- 
tral Grounding Reactors for Power Systems”’ 
presented at a joint meeting of the University of 
Colorado Branch and the Denver Section, 
May 24, 1930. 


Honorable mention made of the paper by 
G. W. Barnes ‘“‘A Vacuum-Tube Wattmeter’’ 
presented at a meeting of the Oregon State 
College Branch, May 24, 1930. 


District Prizes 


District No. 1 


First prize awarded to J, E. Clem (M '30) for 
his paper ‘‘Arcing Grounds and Effect of Neutral 
Grounding Impedance’”’ presented at the North 
Eastern District meeting, Springfield, Mass., 
May 7-10, 1930. 


Initial-paper prize awarded to F. R. Longley 
(A '25) for his paper ‘‘The Calculation of 
Alternator Swing Curves’ presented at the 
North Eastern District meeting, Springfield, 
Mass., May 7-10, 1930. 


Branch-paper prize awarded to F. K. Fischer 
for his paper ‘‘Magnetic and Electrical Proper- 
ties of Some Chromium-Steel Alloys’’ presented 
at the student Branch convention, Springfield, 
Mass., May 9, 1930. a 


‘ 


District No. 6 


Branch-paper prize awarded jointly to J. R. 
Outt and E. H. Pemberton for their paper 
“Neutral Grounding Reactors for Power Sys- 
tems’’ presented at a joint meeting of the Uni- 
versity of Colorado Branch and the Denver 
Section, April 18, 1930. 


District No. 8 


First prize awarded jointly to F. E. Terman 
(A 13), D. E. Chambers (A ’30), and E. H. 
Fisher (A’30) for their paper ‘‘Harmonic 
Generation by Means of Grid-Circuit Distor- 
tion’’ presented at the Pacific Coast convention 
at Portland, Ore., September 2-5, 1930. 


Honorable mention was made of a paper by 
E. R. Stauffacher (M ’26) ‘‘Development of a 
Relay Protective System on the Lines of the 
Southern California Edison Company, Ltd.’’ 
presented at the Pacific Coast convention, 
Portland, Ore., September 2-5, 1930. 


District No. 9 


First prize awarded jointly to F. 0. McMillan 
(M ’26) and E. ©. Starr (M ’29) for their paper 
“The Influence of Polarity on High-Voltage 


Discharges’ presented at the Pacific Coast 
convention, Portland, Ore., September 2-5, 
1930. 


Initial-paper prize awarded to E. C. Goodale 
(A '27) for his paper “‘Errors in Power Metering”’ 
presented at a meeting of the Seattle Section, 
May 20, 1930. 


Branch-paper prize awarded to Lowell 
Hollingsworth for his paper ‘‘A Visual Lichten- 
berg Figure Voltmeter’ presented at a meeting 
of the Oregon State College Branch, May 24, 
1930, and at the Pacific Coast convention, 
Portland, Oregon, September 2-5, 1930. 


Honorable mention was made of a paper by 
H. D. Garrison and L. E. Steele, “‘The Develop- 
ment of a Tesla Coil,’’ presented at a joint 
meeting of the Seattle Section and University of 
Washington Branch, April 15, 1930. 


District No. 10 


First-prize awarded to T. R. Rosebrugh 
(A ’91) for his paper ‘“‘The Analytics of Trans- 
mission Calculations’’ presented at the summer 
convention, Toronto, Ont., June 23-27, 1930. 
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Initial-paper prize awarded to T. R. Rose- 
brugh for his paper ‘‘The Analytics of Transmis- 
mission Calculations’’ presented at the summer 
convention, Toronto, Ont., June 23-27, 1930. 


V. D. I. Celebrates 
Its 74th Anniversary 


On May 12, celebrating the seventy- 
fourth year of its existence, the Verein 
Deutscher Ingenieure unveiled at Alexis- 
bad, Germany, a statue as a memorial to 
its founders and their aim ‘‘to coordinate 
the efforts of the best technical brains 
for the benefit of the whole industry of 
the country.’”’ Today the V.D.I. has 
31,000 members in 53 districts and 
29 local branches in Germany besides 
three foreign branch societies, one each 
in China, Argentina, and Japan. 

In addition to this memorial the 
V.D.I. annual meeting to be held at 
Cologne June 27-29 will be in the form of 
a jubilee celebration, although true to its 
traditions as a scientific body, scientific 
events will be the chief attraction. A 
lecture on radiation problems, empha- 
sizing the relation between engineering 
and modern physics will be the principal 
item of the program. 


Coffin Fellowships Awarded 
to College Graduates 


Nine college graduates have been 
granted fellowships for the collegiate year 
1931-1932 by the Charles A. Coffin 
Foundation, a creation of the General 
Electric Company. The fellowships are 
to enable the recipients to engage in 
technical research and post-graduate work 
in various educational institutions. The 
recipients are: 


J. L. Oncley, of Winfield, Kan., graduate of 
University of Wisconsin, to study at that 
institution. 


E. E. Postel, of Cleghorn, Ia., a senior at 
University of Illinois, to study at the University 
of Iowa. 


A. P. Gagge, of Richmond, Va., graduate of 
University of Virginia, to study at Yale. 


G. H. Fritzinger, of Bryant, Ind., graduate of 
Wittenburg College, to study at Purdue Uni- 
versity or at Massachusetts Institute of 
Technology. 


H. E. Darling (Assoc. Student, A. I. E. E.), 
of Pawtucket, R.I., graduate of Brown Univer- 
sity, to study at that institution. 


J. P. Fugassi, of Pittsburgh, graduate of 
Carnegie Institute of Technology, to study at 
University of Wisconsin. 


O. C. Simpson, of Champaign, Ill., graduate 
of University of Illinois, to study at that 
institution. 
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M. Nelles, of Madison, S.D., graduate of 
University of South Dakota, to study at 
Harvard. 


D. HK. Sloan, of San Francisco, graduate of 
Washington State College, to study at Univer- 
sity of California. 


Of these men two, Simpson and Sloan, 
received fellowships under the Founda-~ 
tion last year. 


“Plan Your Vacation to 


Include Tahoe Convention” 


As the plans for a splendid technical 
and social program for the A.I. HE. E. 
1931 Pacific Coast convention at Lake 
Tahoe, California, Aug. 25-28, are reach- 
ing the final stages, added inducements 
have developed unexpectedly. These 
combine with the many program features 
to make attendance at the convention 
doubly desirable. 


Members of the Institute who plan to 
combine work and play in their vacation 
schedule by attending the convention 
may spend the week preceding or follow- 
ing the convention at Tahoe Tavern with 
the low convention rates applying during 
their entire stay. Since the management 
of Tahoe Tavern has offered the conven- 
tion the attractive rates of $7.00 to $8.00 
per day per person, American plan, many 
members are planning to take advantage 
of this splendid opportunity to spend the 
week-end before or after the conven- 
tion enjoying the famous Lake Tahoe 
scenery. 


For those traveling by automobile, 
several scenic routes are available through 
many points of historic interest. Rail- 
road transportation to the convention is 
by the Overland Route of the Southern 
Pacific. Low summer round-trip fares 
with attractive stopover privileges are 
available from all parts of the country. 


Light 
and Vision 

The February 1931 isue of the Trans- 
actions of the Illuminating Engineering 
Society contains an analysis of the litera- 
ture concerning the dependency of visual 
functions upon illumination intensity 
compiled in the form of a report prepared 
for the national committee on industrial 
lighting of the national Research Council 
by Dr. L. T. Troland, Lecturer on Psy- 
chology, Harvard University, Cambridge, 
Mass., and Head of Research Depart- 
ment, Technicolor Motion Picture Corp., 
Boston, Mass. 


Prof. J. W. Barker (F 30, dean of the 
Columbia University school of- engi- 
neering) in an editorial, in the same issue, 
says in part: 

‘In the paper which forms the body 
of this issue of the Transactions, Dr. 
Troland has assembled a bibliography of 
more than nine thousand sources from 
which he has critically analyzed and 
correlated the contents. Many portions 
of this analysis will be of great interest 
and assistance to the practical engineer, 
and the analysis in its entirety will serve 
as a compendium of reference material to 
which we. may refer as an analytical 
background for much of our- specialized 
work.”’ 

The scope of this analysis is indicated 
by the headings given below, taken from 
the table of contents of the report in 
question: 


TABLE OF CONTENTS 


I. Preface 
II. Method and scope of literature search 


III. Abstract of the literature bearing on 
the dependency of visual functions upon inten- 
sity of the stimulus 


1. General survey of the problem 


2. Absolute sensitivity to light 
References on absolute energy and 
brightness thresholds 
References on areal relations of the 
thresholds 
References on light and dark adaptation 


3. Fechner’s law: discrimination of reflec- 
tion coefficients of large areas ‘ 
References on brightness discrimina- 
tion threshold 


4. Dependency of visual acuity upon illumi- 
nation intensity 
References on visual acuity, general 
References on visual acuity as a func- 
tion of intensity 
References on glare 


5. Speed of vision as determined by intensity 
References on speed of vision 


6. The dependency of color vision upon 
intensity 
References on color and intensity 


7. Oculomotor functions, eye-strain, fatigue 
and injury 
References on the pupil and other 
oculomotor functions 
References on eye-strain and fatigue 
References on injury to the eye due to 
light 


8. The influence of illumination intensity 
upon practical operations 
References on illumination intensity 
_ and practical operations 
Miscellaneous references 


9. Summary and conclusion 


Prof. Barker, in closing his editorial, 
says: ‘‘In publishing this analysis the 
Illuminating Engineering Society feels 
that it is making available to the world 
a monumental piece of work for which it 
thanks Dr. Troland the National Re- 
search Council.” —An ‘Illumination Item’’ 
contributed by G. S. Merrill, chairman 
A. I. E. E. committee on production and 
application of light, Nela Park, Cleveland. 
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Berconal 


R. E. Doherty Accepts 
Yale Professorship 


Rk. BE. Douertry (M ’27) for many years 
consulting engineer of the General Elec- 
trie Company, Schenectady, N. Y., and 
formerly a personal assistant to Dr. C. P. 
Steinmetz, will become professor of elec- 
trical engineering at Yale University this 
fall. He will succeed Prof. C. F. Scott 
(HM ’29 and past-president) whose re- 
tirement takes place a year from this date. 
Mr. Doherty is a graduate of the Uni- 
versity of Illinois. From the student 
training course at Schenectady, he worked 
for two years in the General Electrie Com- 
pany’s testing department; then joined 
the a-c. engineering department as propo- 
sition designing engineer. His work 
attracted the attention of Dr. Steinmetz 
and in 1920 he chose Mr. Doherty as his 
assistant. During this period of service 
with the ‘‘electrical wizard” he was doing 
postgraduate work at Union College and 
in 1921 he received his master of science 
degree. In 1922 he became the com- 
pany’s consulting engineer and as such 
achieved a monumental record. In addi- 
tion to his consulting work he has had 
charge of the company’s advanced course 
in engineering, a three-year course in 
design engineering specially planned for a 
small selected group of college graduates. 
He was a member of the G. E.’s general 
education committee and is deeply 
interested in all educational matters. For 
three years (1918-19 and 1926-28) he 
served on the Institute’s educational com- 
mittee. He has been a member also of 
the A. I. E. E. committees on electro- 
physies (1924-26) and power transmission 
and distribution (1928-29); during the 
period 1926-27 he served as chairman of 
the Schenectady local Section. He has 
contributed much also to technical litera- 
ture. 


S. M. Kintner (M ’13) for some time 
assistant vice-president of the Westing- 
house Electric and Manufacturing Com- 
pany was elected its vice-president in 
charge of engineering at the April 29 
meeting of the board. He succeeds 
W.S. Rugg (M713) whom the company 
has made vice-president in charge of 
sales. As an Institute member, Mr. 
Kintner has been active on its committees 
as follows: telegraphy and _ telephony 
1914-15; research 1927-29; representative 
to National Research Council, engineer- 
ing division 1928-29; chairman of the 
research committee and on the board of 
award of Institute prizes 1929-30. 
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R. E. DOHERTY 


North Eastern District 
1930 Prize Winners 


F. K. Fiscupr, a member of the 
A. 1. E. EB. student Branch at Rensselaer 
Polytechnic Institute received the 1930 
Branch Paper prize for his paper ‘‘Mag- 
netic and Electrical Properties of Some 
Chromium Steel Alloys’? presented as a 
part of the program of the North Eastern 
District meeting at Springfield, Mass., 
and the basis of the thesis upon which 
Mr. Fischer earned his E. EK. degree at 
time of graduation June, 1930. This 
thesis has since been published as a 
Rensselaer Polytechnic Institute Bulle- 
tin, Engineering and Science Series. 
In July Mr. Fischer joined the student 
Test Course of the Westinghouse Electric 
and Manufacturing Company at East 
Pittsburgh and at present is a member 
of the Westinghouse Mechanical School 
of Design run in cooperation with the 
Graduate School of the University . of 
Pittsburgh. 

J. KE. Crum (M ’30) received the 1930 
Best Paper prize of the North Eastern 
District, A. I. E. E., for his paper ‘“‘Arcing 
Grounds and Effect of Neutral Grounding 
Impedance” presented at the Springfield 
meeting of the District in May, 1930. 
Mr. Clem was graduated from the Uni- 
versity of Colorado in 1910 with the de- 
gree of B.S.in E. E. During the summer 
of that year he joined General Electric 
staff in Schenectady, N. Y. In 1922 he 
went to Japan to supervise the initial 
installation of 154-kv. transformers in 
that country, returning in 1925 to become 
a member of the central station engineer- 
ing department at Schenectady. Mr. 
Clem is the author of several Institute 
papers, and is active in Institute affairs. 

F. R. Lonauny (A ’25) received the 
North Eastern District’s 1930 First Paper 
prize for his paper ‘‘The Calculation of 
Alternator Swing Curves” presented at 
the District meeting in Springfield in 
May, 1930. Mr. Longley was graduated 
from the Georgia School of Technology, 
Atlanta, in 1923 with the degree of B.S. 
in EK. EK. During that summer he joined 
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the General Electric staff in Schenectady 
where he spent time ‘‘on test’? and sub- 
sequently in the a-c. engineering depart- 
ment. Later, in the central station 
engineering department he made a special 
study of stability problems. Mr. Longley 
left the employ of the General Electric 
Company in July, 1930, to become asso- 
ciated with the Western Massachusetts 
Companies with headquarters in Spring- 
field. 


B. M. Jones (M ’24) general engineer 
of the Duquesne Light Company, Pitts- 
burgh Pa., has become the company’s 
planning engineer, and as such will be 
directly responsible for the planning and 
development of the Duquesne system as — 
well as the preparation and administra- 
tion of the capital improvement budget. 
For many years Mr. Jones has taken an 
active part in Institute affairs as member 
of the relay subcommittee and the oil 
circuit breakers, switches, and fuses sub- 
committee of the protective devices com- 
mittee (still serving); and the membership 
committee of the Pittsburgh Section. He 
has done considerable work in connection 
with the committee on uniform procedure 
for testing oil circuit breakers for inter- 
rupting capacity; was joint author with 
G. B. Dodds in the presentation of 
“Ground Relay Protection for Trans- 
mission System” at the Detroit A. I. EB. EB. 
summer convention. 


K.J. Jonas (M ’28) is the new president 
of the Central Electric Railway Master 
Mechanics’ Association, Toledo, Ohio. 
His suecess as superintendent of the 
Cincinnati Street Railway Company has 
made him eminent in mechanical and 
electrical eng:neering circles in Cincinnati, 
as did his work on the standing committee 
of the Institute’s local Section there; he 
also has served twice on the A. I. E. E. 
nominating committee. Two years ago 
he was elected vice-president of the 
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Master Mechanics’ association, and its 
program committee chairman. 


Cuester Licutenserc (M713) who 
has been intimately identified with 
technical committees of the Institute, the 
N. E. L. A., N. E. M. A., and the War 
Department’s procurement planning ac- 
tivities, recently was appointed engineer 
of the electric refrigeration department at 
the Fort Wayne Works of the General 
Electric Company, after nearly twenty- 
five years with that company in the 
development of switchboard apparatus, 
particularly in connection with high- 
speed air circuit breakers, oil circuit 
breakers, and selective protective relays. 


E. A. Ovsen (M’24) formerly vice- 
president of the Pacific Public Service 
Company and managing head of its 
public utility properties serving Cali- 
fornia, Oregon, and Washington com- 
munities, has accepted the position of 
executive vice-president of the Oklahoma 
Natural Gas Corporation with offices at 
Tulsa. Associated with the Insull inter- 
ests Mr. Olsen held similar office with 
the Florida Power Corporation and the 
Georgia Power & Light Company. 


R. W. E. Moore (M717) who until 
June 1 was with the Westinghouse Com- 
pany at East Pittsburgh, Pa. as manager 
of association activities, has been ap- 
pointed by the National Electric Manu- 
facturers Association to take charge of 
its publications. For many years Mr. 
Moore was a member of the Electrical 
Manufacturers Council as well as chair- 
man of the NEMA Fire Prevention com- 
mittee. 


Atexanper E. Bertis (F ’26) one of 
the Institute’s directors, and at present 
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serving on its safety code, production and 
application of light, and transportation 
committees for 1931, has been chosen 
president of the Missouri Association of 
Public Utilities. Mr. Bettis is at present 
serving the Kansas City Power & Light 
Company as its vice-president. In 1926- 
28 he was vice-president of the Institute’s 
South West District. 


J. W. Youne (A ’22) who as engineer 
of the Narragansett Electric Company 
went to Providence two years ago to 
participate in distribution system im- 
provement, has been transferred to the 
Boston office of the New England Power 
Association to serve as assistant distribu- 
tion engineer under W. C. Phillips (M ’30) 
in charge of the development of retail 
properties of the organization. 


W.H. McGraru (M ’20) formerly vice- 
president of the Puget Sound Power & 
Light Co., Seattle, Wash., has been made 
its executive vice-president and C. C. 
Curtis (M ’23) previously vice-president 
in charge of the Fall River Gas Works, 
Fall River, Mass. has been appointed 
manager to supervise the Puget Sound 
Company’s operations in its southern, 
southwestern, and western districts. 


Tuos. E. Penarp (A ’08) who during 
his many years of service with the com- 
pany has specialized in station design 
and substation development as head of 
the electrical division of the Edison 
Electric Nluminating Company of Boston 
has been appointed recently to the office 
of assistant superintendent of its station 
engineering department. 


Gerarp Swope, (F ’22) addressed the 
plenary session of the sixth general con- 
gress of the International Chamber of 
Commerce meeting May 4-9, 1931, 


Washington, D. C., taking as his subject 
“Regularization of Employment’ and 
presenting the various points of view of 
company, trade and industry, society, and 
employee. 


L. C. Haurprn (A ’26) until recently 
meter superintendent for the Western 
division of the Niagara Lockport and 
Ontario Power Company, has been made 
rural representative of the Angola district 
in charge of distribution. Mr. Halpin is 
a member also of the Western Society of 
Engineers. 


Karr Parxer (M ’24) well known in 
the Westinghouse organization as presi- 
dent of that company’s Agent Jobbers 
Association, is the newly elected president 
of McCarthy Bros. & Ford, Buffalo, 
N. Y., Westinghouse jobbers. He suc- 
ceeds E. D. McCarthy whose death 
occurred recently. 


H. T. Epcar (M ’28) who entered the 
public utility field in 1886 as an employee 
of the Edison Electric Iuminating Com- 
pany of Brunswick, N. J., and for the past 
thirty-two years associated with Stone & 
Webster in managerial work extensively 
throughout the country, has resigned from 
that organization. 


A. M. Curry (M ’22) who has suc- 
ceeded R. C. Saunders as southwestern 
district manager of the Puget Sound 
Power & Light Company, with head- 
quarters at Tacoma, Wash., has a record 
of long standing with these interests, 
having been for many years superinten- 
dent of the company’s traction properties. 


Frank W. Smiru (M 712) vice-presi- 
dent and general manager of the United 
Electric Light & Power Company, New 
York, N. Y. and a former president of the 
National Electrie Light Association, now 
is vice-president of the New York Edison 
Company as well. 


A. R. Nissar (M ’16) principal of 
the Caleutta Technical School, Bengal, 
India, left Caleutta the first week in 
April 1931 for an extended trip to France, 
Italy, Switzerland, Holland, Germany, 
and Great Britain. 


J. H. Cerecepo (A ’20) of the firm of 
J. H. Cerecedo & Company, Santurce, 
Porto Rico, Pan-American consultants, 
has announced the opening of an office in 
the United States in Chicago, at 105 
South La Salle Street. 
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J.S. Epstrom (F’14) managing direc- 
tor of the General Electric Company 
interests in Sweden, recently visited the 
United States as a delegate to the World 
Congress of the International Chamber of 
Commerce, Washington, D. C. 


R. H. Manauan (M ’22) who is chief 
of the Department of Electricity of the 
City of Los Angeles and for many years 
active in the affairs of the International 
Association of Electrical Inspectors, now 
has become its national president. 


F. R. Puiturrs (M ’27) for some time 
senior vice-president of the Philadelphia 
Company was elected president of that 
company at the April 28 stockholders’ 
meeting. 


Obituary 


Epwarp Dean Apams. (A710), engi- 
neer, financier, scientist, whose vision, 
industry, courage, and philanthropy has 
made possible many achievements of 
outstanding worth to humanity, in- 
eluding the conception and development 
of the Niagara Falls hydroelectric sys- 
tem, passed away at his home in New 
York City May 20, 1931. His death, it 
is believed, was due almost directly to 
an automobile accident which occurred 
while he was en route to Florida in 
March. Primarily a financier and pro- 
moter of innumerable engineering and 
philanthropic projects, Dr. Adams was 
born in Boston, Mass. April 9, 1846. 
From college days on, he has been the 
recipient of almost countless honors; his 
degrees (B. S. 1864, M. S. 1897, LL.D. 
1906 and M. A. 1908) were followed by 
titles of both national and international 
merit including the Royal Order of the 
Crown of Prussia (1909), and the Médaille 
de Réconnaissance of the French Repub- 
lic (1921). In 1926 he received the John 
Fritz Medal ‘for great achievement as 
an engineer, financier and _ scientist;’’ 
he was patron and Life Member of the 
American Association for the Advance- 
ment of Science; patron and Fellow for 
Life of the American Fine Arts Society; 
Fellow for Life of the American Geo- 
graphical Society; and Life Member of 
the National Geographical Society, the 
Massachusetts Institute of Technology 
Alumni Association, the New York 
Academy of Science, New York Histori- 
cal Society, Germanistic Society of 
America, New York Botanical Garden 
(of which he also was manager and past 
officer 1912-19), Society of the Sons of 
the Revolution, New York Geneological 
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and Biographical Society; a Fellow in 
Perpetuity of the Metropolitan Museum 
of Art, the Museum of Natural History 
and the National Academy of Design; 
a member of the Edison Pioneers; a 
Fellow and member of the Power Division 
of the American Society of Civil Engi- 
neers; a member of the executive board, 
engineering division, and electric insula- 
tion committee of the National Research 
Council. Since its inception he has held 
the chairmanship of the Committee on 
War Memorial to American Engineers 
which controlled the building and be- 
stowal of the worldwide famous carillon 
installed and dedicated at the University 
of Louvain, Liege, Belgium, July 4, 
1928. As a past-officer and director, 
has included in his activities the pro- 
motion of few less than a hundred indus- 
trial, educational, and charitable organi- 
zations. From 1922 to 1924 he was 
chairman of the Institute’s Edison Medal 
Committee and from 1916 to the date of 
his death has represented the Institute 
on the Engineering Societies’ Library 
Board and in the United Engineering 
Trustees, Inc. His membership in 
twenty-seven of the prominent clubs, 
local and otherwise, including the Engi- 
neers Club of New York, the Technology 
Club (Life Member), Faculty Club of 
Columbia University, Grolier Club, New 
York Railroad Club, Lawyers Club, 
Metropolitan Club, Mendelssohn Glee 
Club, Economie Club of New York, the 
Chicago Club and the Adirondack League 
Club, conveys some intimation of the 
breadth of application of his activities. 
Science, art, industry, education, and 
charity in every community in which he 
has had his being have benefited by his 
generosity. 


Cuarues Day (A ’02) chairman of the 
board of Day & Zimmerman, Inc., Phila- 
delphia, Pa., and an expert in plant 
operation, died at the University Hospi- 
tal, Philadelphia, May 10, 1931 after an 
illness of ten days, with which he was 
stricken a few days subsequent to his 
return from a trip to North Africa. 
Philadelphia was his native city; in boy- 
hood he attended the Germantown 
Academy and in 1899 he was’ graduated 
from the department of electrical engi- 
neering, University of Pennsylvania. 
That summer he worked in the engineer- 
ing department of the National Export 
Exposition, later associating himself with 
the Link Belt Engineering Company. As 
an acknowledged authority on industrial 
plant equipment and management of 
publie service corporations, he lectured 
before the Graduate School of Business 
Administration at Harvard and Columbia 
universities. At the beginning of the 
World War he was made trustee of the 


Emergency Fleet Corporation and during 
the war served also as a member of a 
civilian board to investigate the efficiency 
of the Navy Yards. In the winter of 
1917 he attended the war council of the 
Allies and as one of the Storage Commit-, 
tee of the General Munitions Board he 
conferred with General Pershing and 
French officials in an effort to speed the 
transportation of troops and supplies to 
Europe. Hé was appointed by the Secre- 
tary of War to the Depot Board. He 
was engineering advisor to Colonel House, 
a member of the board of management of 
Franklin Institute, a trustee of the Uni- 
versity of Pennsylvania, and a member of 
the American Society of Mechanical 
Engineers; also he was a director of the 
Pennsylvania Railroad, the Philadelphia 
Fidelity and Trust Company and the 
United Gas Improvement Company of 
which his partner Mr. John EH. Zimmer- 
man was president. Socially, his mem- 
berships included the Engineers’ Club 
(Philadelphia and New York), the Aero 
Club of America, the Huntington Valley 
Club and the Raquette Club. His con- 
tributions to technical literature were 
many and his book ‘Industrial Plants’ 
has had wide circulation. 


Stanutey L. B. Lines (M.’18) vice- 
president of the Sangamo Company, Ltd.; 
of Toronto, Canada, died at his home there 
April 9, 1931. He was born in Shire 
Newton, England in 1884, and received 
his early education in English private 
schools. With Brockie Pell Lamp Com- 


_pany, London, he was an honor pupil for 


three years and also attended evening 
classes at the City and Guilds Technical 
Institution for another three years.. After 
completing an apprenticeship with the 
British Thomson-Houston Company, he 
joined the technical staff of the Chamber- 
lain & Hookham Company of England, 
and as its special representative traveled 
to almost every known continent, finally 
establishing and managing the Canadian 
branch of the company at Toronto. In 
1919 with Prof. P. M. Lincoln, under 
whose patents the work was largely 
earried on, he organized at Toronto the 
Lincoln Meter Company, Ltd., (producers 
of a large line of measuring devices) he 
himself acting in the capacity of vice- 
president and manager. In 1930 this 
company was absorbed by the Sangamo 
Electric Company of Canada, the com- 
pany of Mr. Lines’ final affiliation. His 
was a long and noteworthy record with 
the electrical industry of Canada, 
conspicuous in conjunction with the 
Canadian Electrical Association and 
his work as a member of its meter com- 
mittee. He was past-president of the 
Electric Club of Toronto, an Associate 
Member of the Institution of Electrical 
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Engineers in England, a member of the 
Association of Professional Engineers of 
Ontario and belonged to numerous clubs 
and technical organizations. He was a 
survivor of the Lusitania disaster. 


W. S. Ricumonp (A’15) secretary, 
treasurer, and general manager of the 
Marseilles Land and Water Power Co., 
Ottawa, Canada, died April 11, 1931. 
He was a native of Cheshire, Mass. and 
50 years of age. Upon graudation from 
the Adams High School in 1901, he 
immediately entered upon his technical 
training at Massachusetts Institute of 
Technology from which he was gradu- 
ated with the degree of B.S. in eivil 
engineering June, 1905. Early in 1909 
he was first assistant to the resident 
engineer of the United States govern- 
ment determining the efficiencies of 
generating units of the Niagara Falls 
Power Company; later that same year 
he engaged in a similar capacity at 
Sault Ste. Marie, Michigan, in connection 
with government tests of plants of Lake 
Superior Power Company, the Edison 
Sault Electric Company and the Lake 
plants in Michigan. In 1914 the United 
States government engaged him as 
resident engineer in full charge of deter- 
mining efficiencies of generating units in 
the plants of the Hydraulic Power Com- 
pany at Niagara Falls. More recently 
he was civil engineer with the United 
States Lake Survey (of the War Depart- 
ment) in charge of government surveys 
of harbors on the east coast of Lake 
Michigan. 


Cuark E. Baker (A ’21), a member of 
the transportation engineering depart- 
ment of the General Electric Company at 
Erie, Pa., and for a number of years a 
resident of Schenectady, died at his home 
in Erie on May 11 after a short illness. 
He was a graduate of California Institute 
of Technology, Pasadena, in 1917 and 
went to Schenectady in June of that year 
on the student training course. In 
September he entered the army engineer- 
ing corps and continued in service until 
March, 1919. 

Resuming work at Schenectady he was 
transferred in August, 1919, to the com- 
pany’s railway engineering department, 
specializing on substation equipment 
applications. In September, 1929, he 
moved to Erie with the department and 
was placed in charge of the substation 
section. 

He was born at Paw Paw, Illinois, 
December 19, 1894, but the family early 
removed to Santa Ana, California, where 
both parents now are living. He is 
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survived by his wife, Myrtle Van Allen, 
and two children, a boy of 7 and a girl 
of 5. He was active in American Insti- 
tute of Electric Engineers affairs, serving 
on committees and contributing to the 
proceedings. Interment was at Santa 
Ana, California. 


Rosert McRar Witson (A ’24) elec- 
trical engineer of the General Electric 
Company, Bloomfield, N. J. and resident 
of Montelair, N. J., died suddenly April 
24, 1931, while in Savannah, Ga. on a 
motor trip. He was a native of Beaufort, 
S.C., but his technical education was 
acquired in the State of New York—two 
years at City College of New York and 
the regular four-year course at Cornell 
University from which he was graduated 
in 1896. The following year he engaged 
with the Hyer Sheehan Electric Motor 
Company of Newburgh, N.Y., for 
eighteen months general engineering and 
estimating work; then he joined the 
Sprague Electric Company at Bloomfield, 
N.J. The next year he became instruc- 
tor in electrical engineering at Lehigh 
University, but at the end of one semester 
returned to the Sprague company and 
remained with it after it became the 
Sprague Electric Works of the General 
Electric Company; later the Bloomfield 
Works of that company. Mr. Wilson’s 
term of service, extending over a period 
of thirty years, included considerable 
specialized work on d-c. motor and 
generator design. 


Epwarp B. Puence (A ’22) electrical 
engineer of the waterwheel generator sec- 
tion of the a-c. engineering department of 
the General Electric Company, Schenec- 
tady, N. Y., died April 3, 1931 due to 
injuries sustained by being struck by an 
automobile. He was born in Charleston, 
S. C. in 1886, and was graduated from 
Clemson College in 1907, having com- 
pleted its course in electrical engineering. 
In August of that year he engaged in the 
G. E. Test Course at the Schenectady 
works, and in October 1909 joined the 
a-e. engineering department of the com- 
pany, where he has remained in continu- 
ous service. He has had charge of the 
design work on waterwheel-driven genera- 
tors for a number of years during a period 
when General Electric achievement in 
this field included generators for the 
Conowingo Dam, the 65,000-kw. units at 
Niagara Falls, and the 77,500-kw. units 
for the U. S. S. R. Mr. Plenge’s home 
was in Scotia, New York, where he was 
held in high esteem by both his profes- 
sional and personal friends, He was a 
member of the Edison Club and of the 
Scheneetady Country Club. 


McKrr Duncan (A714) consulting 
engineer of Duncan, Young & Company, 
New York City, met with sudden death on 
the public golf course at Van Cortlandt 
Park there. He was 43 years of age. In 
1910 the degree of B.S. was conferred 
upon him by Columbia University; later 
in that same year he went to Europe for 
graduate work in physical chemistry at 
the University of Leipzig. Returning to 
the United States in 1911, he continued 
the study of physical chemistry at the 
University of Wisconsin. His early com- 
mercial connection brought him in close 
association with Dr. Louis Duncan as a 
member of the firm of Dunean, Young & 
Pressey, Inc., predecessors of the com- 
pany of his last affiliation, and was 
heartily endorsed by him for membership 
in the Institute after a friendship which 
had endured for over twenty years. 


JosepuH T. Bronpin (A718) director 
of the Revue Générale de 1’Electricite, 
France, passed away at the home of his 
son in Paris, April 21, 1931. He was in 
the 68th year of hisage. Born in Dieppe, 
he led a most active professional career, 
held in high esteem by his countrymen. 
He was well-known as an electrical engi- 
neer, and bore the honorary titles of 
Officer d’Academie, Officer de 1|’Instruc- 
tions Publique and Chevalier du Merite 
Agricole. He was also professor of 
mathematics and professor of physies at 
several of the representative universities 
of France, including Orleans and the Col- 
lege of Rollins. Many of the French 
technical publications were issued under 
his directorate. 


Addresses W anted 


A list of members whose mail has been 
returned by the postal authorities is 
given below, with the address as it now 
appears on the Institute records. Any 
member knowing of corrections to these 
addresses will kindly communicate them 
at once to the office of the secretary at 
33 West 39th St., New York, N. Y. 


Couurnot, Marcet A., 
Newark, N. J. 
DiLuccr, A., Box 1051, Chicago, Il. 


Duane, GrorGeE B., Otis Elevator Co., Yonkers, 
IN Ya 


Muncy, V. E., Ohio Mechanics Institute, Cin- 
cinnati, Ohio. 


O’Suna, V., JR., 
Nie 


Tune, C. T., c/o Stone & Webster Engg. Corp., 
Hopewell, Va. 


88 Sherman Ave., 


115 Broadway, New York, 
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Local eens 


Florida Section 
Organized 


At its meeting held on January 28, 
1931, the Institute’s board of directors 
authorized the formation of the Florida 
Section to cover the entire state. 

This Section held an organization meet- 
ing March 27th, at which the following 
officers were elected: Prof. Joseph Weil 
(A ’24) chairman; C. S. Hammatt 
(M ’23) vice-chairman; R. P. Smith, 
secretary-treasurer; H. N. Fairbanks, 
member executive committee. 


Student Convention 
at Rose Polytechnic Institute 


The annual student convention of the 
Branches at Purdue University, Univer- 
sity of Illinois, and Rose Polytechnic 
Institute was held at Rose Polytechnic 
Institute April 18, 1931; total attendance 
120. 

The afternoon was devoted to an 
inspection trip to the Dresser plant of 
the Indiana Electric Corporation, and the 
mine operating in conjunction with it. 
Addresses of the evening were: 


Raitway EuxrcrriricaTion, by W. D. 
Bearce (M ’30), General Electric Company. 


Tue OppraTION or LarGe EvectrRic PowER 
Puants, by L. B. Andrus (F’19) president, 
{Indiana Electric Corporation. 


North Central District Holds 


Student Activities Conference 


The fifth annual conference on student 
activities in District No. 6 was held at 
the University of North Dakota (Grand 
Forks) on April 17-18, 1931. Of the nine 
schools in the District, eight were repre- 
sented by both counselors and chairmen. 


Fripay Evenine 


In the absence of Thomas F. Kane 
president of the University of North 
Dakota, the address of welcome was given 
by Dr. William G. Bek, dean of the junior 
division. Dean H. S. Evans (M ’09) 
vice-president, District No. 6, responded 
for the delegates and then presided during 
the presentation of the following program: 


Report of summer convention of the A. I E.E. 
held June 1930 at Toronto, Ont., Canada, by 
Prof. G. H. Sechrist (A ’20) counselor, Univer- 
sity of Wyoming Branch, and chairman of the 
district committee on student activities. 


PERSONAL QUALITIES WHICH A BRANCH 
CHAIRMAN SHOULD DEVELOP TO BE A SUCCESS- 
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ruL LeaperR or His Brancu, Prof. W. C. 
DuVall (M ’20) counselor, University of 
Colorado Branch, Prof. F. W. Norris (M ’26) 
counselor, University of Nebraska Branch. 


Formal discussion presented by Neil Sanders, 
chairman, University of Wyoming Branch. 


Tue Errecr or Exuecrriciry Upon THE 
Human Bopy, by R. B. Witmer, Asst. Prof. 
of Physics, University of North Dakota. 


After the completion of the program the 
business meeting of the counselors and an 
informal meeting of the Branch chairmen 
were held in parallel session. Prof. 
G. H. Sechrist (A ’20) chairman, District 
committee on student activities, presided 
at the former. 


The counselors decided that the sixth 
annual conference will be held in the 
spring of 1932 at the University of Denver. 


Prof. H. F. Rice (A ’21) counselor, 
University of North Dakota Branch was 
elected chairman of the committee on 
student activities for the ensuing year 
and delegate to the summer convention at 
Asheville. Prof. D. R. Jenkins (A ’16) 
counselor, University of North Dakota 
Branch was elected alternate delegate. 


SaturDAy MornNING 
Vice-president Evans presided. 


SHOULD QUALIFICATIONS FOR THE GRADE OF 
ENROLLED STupENTS BE ESTABLISHED?, by 
Prof. B. B. Brackett, counselor, University of 
South Dakota Branch. 


Formal discussion presented by B. J. Shields, 
chairman, University of North Dakota Branch. 


SHoutp ATTENDANCE aT STrupENT BRANCH 
Meertines BE Mapr CoMpuusory AND CREDIT 
GIVEN FoR THIS WoRK?, by Prof. H. F. Rice, 
counselor, University of North Dakota Branch, 
presented by Charles C. Libby. 


Formal discussion presented by A. Steponaitis, 
University of South Dakota Branch. 


Wuat THE ProsprecTiIvVvE EmMpLoynrR Looxs 
FOR IN THE ENGINEERING GRADUATE, by Prof. 
H. S. Rush (M’ 30) counselor, North Dakota 
Agricultural College Branch. 


Formal discussion presented by Almon 
Bjerke, chairman, South Dakota State School 
of Mines Branch. 


Wuat Can THE Institute vo THRovGH Its 
Brancues To Inrorm Hiaeu ScHoon StrupEents 
OF THE OPPORTUNITIES AND NED FOR TRAINED 
Exvecrricat Enarnerrs, by Prof. J.O. Kammer- 
man (M’ 20) counselor, South Dakota State 
School of Mines Branch. 


Formal discussions presented by R. M. 
Partington, chairman, University of Colorado 
Branch, and H. H. Ward, chairman, University 
of Denver Branch. 


How Best May THe Branco SERVE IN THE 
DervELOPMENT Or Its MemBers As ENGINEERS?, © 
by Prof. R. E. Nyswander (M ’22) counseior, 
University of Denver Branch. 


Formal discussions presented by Phil Ehren- 
hard, chairman, University of Nebraska Branch, 
and C. KE. Bryant. 


San Francisco Section 


Meets with Branches 
The annual joint meeting of the San 
Francisco Section and the student 


Branches at the University of California, 
University of Santa Clara, and Stanford 
University was held on the Stanford 
campus April 17,1931; attendance 165. 

In the afternoon visits to engineering 
laboratories and shops were concluded by 
a demonstration of high-voltage flashover 
at the Ryan High-Voltage Laboratory. 

During the dinner held in Stanford 
Union, entertainment was furnished by 
the Branches; an address of weleome was 
given by Theodore J. Hoover, dean of the 
School of Engineering, and Dr. Harris J. 
Ryan (F ’23) executive head of the de- 
partment of electrical engineering and 
past-president of the A. I. E. E., spoke on 
the establishment of the student Branches 
of the Institute. 

The evening’s technical program pre- 
sented by students was as follows: 


Vacuum-Tuspe VouTaGe REGULATORS, by 
Edwin W. Palmrose, senior, University of 
California. 


DEVELOPMENT OF TELEVISION, by Charles 
Harvey and Lionel Thorpe, juniors, University 
of Santa Clara. 


CoRONA AND TRANSMISSION-LINE SURGES, by 
Hugh H. Skilling, graduate student, Stanford 
University. 


The prize of one year’s Associate’s dues 
in the Institute was awarded to H. H. 
Skilling. 


Past 


Section Meetings 


Baltimore 


Tut Hotrwoop Hypravric Lasora- 
TORY AND Its CONTRIBUTION TO THE 
Desicn oF THE Sarre Harsor DrEvetop- 
MENT, by G. W. Spaulding, Pennsylvania 
Water and Power Co.; 

CoNnsTRUCTION OF THE Sars Harpor 
DrvELOPMENT, by C. W. Black, The 
Arundel Corp. Inspection trip to the 
Safe Harbor Hydroelectric Project. Joint 
meeting with the Engineering Societies of 
Baltimore. April 23. Attendance 300. 


Birmingham 


Somme ASPECTS OF THE SCIENTIFIC 
Work or THOMAS JEFFERSON, by Pro- 
fessor W. S. Rodman, University of 
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District 
Atten- 


Virginia, and vice-president, 
No. 4, A.I.E.E. March 20. 
dance 7. 


Boston 


PERFORMANCE or H1reH-TENSION 
Caste, by F. Malcolm Farmer, Electrical 
Testing Laboratories. Buffet supper 
served prior to the meeting. April 24. 
Attendance 100. 


Cleveland 


Human Revations in Inpusrry, by 
Whiting Williams. E. C. Stone, The 
Philadelphia Co., and vice-president, 
District No. 2, A. I. EB. E. gave a short 
talk on Institute activities. Two papers 
were presented by students as follows: 

Tue CaTHopE-Ray OscILLoGRAPH, by 
J.F. Matyas; 

Bripge-Crrecuit Conrrou or THyra- 
TRON Tusss, by I. J. Rand. Joint meet- 
ing with the Case School of Applied 
Science Branch. April 15. Atten- 
dance 101. 


Columbus 


AUDIBLE LIGHT AND VISIBLE SOUND, 


by John B. Taylor, General Electric Co. 


Demonstrations. March 27. Attendance 


250. 


Connecticut 


Talks on electrical control of tempera- 
ture by O. H. Hunt, T. F. Herring, J. J. 
Carney, and P. A. Borden, all of the 


Bristol Company’s engineering staff. 
April14. Attendance 50. 

Dallas 

Moprern DeEvELOPMENTS IN Com- 


MUNICATIONS, by S. P. Grace, assistant 
vice-president, Bell Telephone Labora- 
tories, Inc. Illustrated. Joint meeting 
with the Dallas Electric Club. April 138. 
Attendance 340. 


Denver 


Annual College Night at which the 
following papers were presented by 
students: 

New Ipe4s ror Hicu-Voutace Cir- 
cuit Breakers, by Charles A. Church 
and Neil R. Damon, University of 
Colorado; 

Tur Lire or Farapay, by Oscar Bear, 
Colorado Agricultural College; 

VARIATION WITH TEMPERATURE OF 
THE Magnetic Propprtigs oF [RON AND 
Nicxet, by Harry H. Ward and Gerald O. 
Cannon, University of Denver. April 24. 
Attendance 110. 


Detroit-Ann Arbor 


Tur 1,000-Drec. TurBINE, by Paul W. 
Thompson, Detroit Edison Co. There 
was an inspection of the new Delray 
Power House and the 1,000-deg. turbine. 
April 21. Attendance 250. 


Erie 
Hosoxen EiecrriFication oF D. L. & 
W. Rarzroap, by Edward L. Moreland, 
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Jackson & Moreland. Dinner preceded 
the meeting. April 21. Attendance 150. 
Fort Wayne 


SATURATED REACTOR AND CAPACITOR 
Circuits, by C. M. Summers and L. F. 
Hemphill, both of the General Electric 
Co. April16. Attendance 60. 


Indianapolis-Lafayette 


Researcu anp Inpustry, by EH. L. 


Manning, General Electric Co. Demon- 
stration of the thyratron tube. April 10. 
Attendance 280. 

Iowa 


TREND IN THE DmsSIGN OF PRINCIPAL 
EvectricaL Features or Steam PowEr 
STATIONS, SUBSTATIONS, AND TRANSMIS- 
ston Lines, by H. W. Hales, Byllesby 
Engineering and Management Corp. 
Illustrated with lantern slides. April 16. 
Attendance 35. 


Ithaca 


Some Recent D&VELOPMENTS IN 
Ravio Recetver Tuses, by Walter R. 
Jones, Sylvania Products Co. March 20. 
Attendance 50. 


Lehigh Valley 


Tue Home Ligutinc Story, by 
Lilliam E. Eddy, Edison Lamp Works; 

Wen Execrreiciry 1s THE Master 
Servant, by Clara Zitlessen, Philadelphia 
Electric Co. Illustrated. Ladies’ Night 
held at the Hotel Americus, Allentown, 
Pa. 


Los Angeles 


Discussion and demonstration of sound- 
recording and reproduction as practised 
in the motion picture industry. Speakers: 
R. H. Townsend, RCA Photophone Com- 
pany, H. C. Silent and J. H. Frayne, 
Electrical Research Products, Ine. Illus- 
trated by lantern slides and talking mo- 
tion pictures. April 14. Attendance 426. 


Louisville 


Inspection trip through the Axton- 
Fisher Tobacco Co. May 8. Atten- 
dance 55. 


Lynn 


CHANGING VIEWS OF THE NATURE OF 
Marrrer, by Saul Dushman, General 
Electric Co. Mareh18. Attendance 450. 

The twentieth annual banquet. March 
28. Attendance 460. 

Discussion on Rapio Tusss, by O. H. 
Biggs, A. C. Rockwood, G. D. O’Neil, 
all of the Hygrade Lamp Co. April 8. 
Attendance 300. 


Madison 


Mopern Execrropuatine, by J. G. 
Zimmerman, Burgess Laboratories; 

Curomium Puatinc—Tue Eecrro- 
PLATE THAT Is DIFFERENT, by Professor 


O. P. Watts, University of Wisconsin. 
Inspection trip to the Seanlan-Morris 
Company’s plant. April 29. Atten- 
dance 27. 


Mexico 


Ericssen System or Lone-DIsTANCE 
TriepHony, by Helge F. Rest, Hricssen 
Company. April14. Attendance 22. 


Minnesota 


Factors Arrecting Noism INDUCTION 
BretwrEn Power AND TELEPHONE CIR- 
courts, by F. R. Kappel, Northwestern 
Bell Telephone Co. April 29. Atten- 
dance 150. 


Niagara Frontier 


Art In Inpustry, by D. R. Dohner, 
Westinghouse Elec. & Mfg. Co.; 

Quicx-Trip Grapuic Mrters AND 
Turir Appiication, by D. J. Angus, 
Esterline-Angus Co. Illustrated. LElec- 
tion of officers as follows: R. W. Graham, 
chairman; H. S. Bundy, vice-chairman; 
G. W. Highmy, secretary-treasurer, H. B. 
Vidal and G. W. Brooks, members exec- 


utive committee. April 17. Atten- 
dance 50. 

Oklahoma City 

TrLecrapHic Pitrot-WirE RELAY 


System, by J. D. Browder, Oklahoma 
Gas & Hlectrie Co. and E. B. Jennings, 


Southwestern Bell Telephone Co. April 
29. Attendance 61. 
Pittsburgh 

Evecrric-Arc Furnace INSsTALLA- 


TIONS, by Samuel Arnold, American 
Bridge Co.; 

Arc-FurNAcE ContTrRoL, by C. C. 
Levy, Westinghouse Elec. & Mfg. Co. 
Illustrated with lantern slides. Joint 
meeting with the Engineers’ Society 
of Western Pennsylvania. April 14. 
Attendance 93. 


Philadelphia 


Sppep, UNEMPLOYMENT, AND PROGRESS, 
by William McClellan, Stone & Webster 
Engg. Corp. April138. Attendance 150. 


Portland 


APPLICATION OF Vacuum TuBEs, by 
A. W. Copley, Westinghouse Elec. & 
Mfg. Co. Demonstrated. Joint meeting 


with the N.H.L.A. March 16. At- 
tendance 96. 

Waves or Particntes, by A. A, 
Knowlton, Reed College. Joint meeting 
with the N. E. L.A. April 21. Atten- 
dance 90. 

Providence 

Maere Tusns, by Prof. EF. N. 

Tompkins, Brown University. Dinner 


in honor of the speaker preceded the 
meeting. March10. Attendance 220. 
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Rochester 


New DerveLopmMents IN Vacuum 
Tusres, by Eugene W. Ritter, RCA 
Radiotron Co. Joint meeting with the 
I. R. EB. April16. Attendance 97. 

In Years To Comes, by James G. 
Harbord, Radio Corporation of America. 
Tenth annual dinner of the engineering 
societies of Rochester. April 18, At- 
tendance 395. 


St. Louis 


INTRODUCTION or HigHER SPEED INTO 
TRANSMISSION LINE PrRoTEcTION, by 
W. E. Winterhalter, General Electric Co. 
Election of officers for term 1931-32 as 
follows: C. H. Kraft, chairman; F. B. 
Wipperman, vice-chairman; C. H. Lank- 


ford, secretary. April 15. Attendance 
60. 

San Antonio 

LIGHTNING AND LIGHTNING PRo- 


TECTION, by P. F. Squier, Westinghouse 
Elec. & Mfg. Co. Illustrated. April 13. 
Attendance 32. 


Sharon 


Hon. Frank Crowther, U.S. Congress- 
man from New York, discussed the 
problems presented to the last Congress. 
Before the meeting there was an inspec- 
tion trip through the McDonald Plant 
of the Carnegie Steel Co. Joint meeting 
with the Association of Iron and Steel 
Electrical Engineers. April 15. Atten- 
dance 310. 

Tur CONTRIBUTION OF TELEPHONE 
Research to TauKing Motion Pic- 
TurES, by J. O. Perrine, American 
Telephone & Telegraph Co. Illustrated. 
May 5. Attendance 240. 


Spokane 


A Progress REepoRT ON A SHORT 
Circurr Moprent or tHE WASHINGTON 
Water Powrer Company System, by 
Clarence L. Holmes, State College of 


Washington; 
SHort-Crecuir Transients In Syn- 
CHRONOUS GrNERATORS, by Robert 


Pennoyer, University of Idaho; 
FUNDAMENTALS OF CARRIER TELE- 
PHONY, by Loren A. Traub, Home Tele- 
phone & Telegraph Co. Dinner preceded 
the meeting. April 24. Attendance 46. 


Springfield 


GROUNDING THE NnutTrRAL, by W. W. 
Lewis, General Electric Co. Illustrated. 
March19. Attendance 56. 

ELECTROTHERAPY, by William Bier- 
man, president, N. Y. Physical Therapy 
Society. April13. Attendance 52. 


Toledo 


Systam Recuration, by T. J. Nolan, 
Toledo Edison Co.; 

SrorAaGce Barrerizs, by W. E. Dunn, 
Electric Storage Battery Co. Lllustrated. 
April17. Attendance 45. 
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_ Floyd, secretary. 


Toronto 


INTERESTING DEVELOPMENTS AND 
PROBLEMS IN CENTRAL Station ENGI- 
NEERING, by R. E. Powers, Westinghouse 
Klee. & Mfg. Co. Joint meeting with 
Engineering Institute of Canada. April 
24. Attendance 250. 

Annual meeting. FRencH FArEencr, 
by C. H. Mitchell, University of Toronto. 
Illustrated. Election of officers as 
follows: T. W. Hadie, chairman; G. D. 
May 1. Attendance 
43. 


Utah 


MIRACLES FROM THE House or Magic, 
by H. T. Plumb, General Electric Co. 
Inspection of the laboratories at Uni- 
versity of Utah followed by dinner. 
April9. Attendance 470. 


Vancouver 


STARTING CONDITIONS IN SYN- 
CHRONOUS MacHINES AND AN ANALYSIS 
OF THE SYNCHRONOUS-INDUCTION Motor, 
by H. Vickers, University of British 
Columbia. April6. Attendance 33. 

Inspection of Ruskin Hydroelectric 
Development of the British Columbia 
Hlectric Railway Co. April 25. Atten- 
dance 64. 

GENERAL DEVELOPMENTS IN THE BELL 
TELEPHONE LaporaTorigs, by C. C. 
Pettet, Northern Electric Co. May 4. 
Attendance 41. 


Washington 


LIGHTNING AND LIGHTNING ARRESTERS, 
by M. G. Lloyd, Bureau of Standards. 
Orville S. Peters was presented with the 
John Scott Award for the invention and 
development of the electric telemeter. 
Aprill4. Attendance 94. 


Worcester 


CorppR From Mine To Consumer, by 
William H. Bassett, Jr., Anaconda Wire 
& Cable Co. Joint meeting with the 
A.S. M. E. 

Fusep Quartz, by A. L. Ellis, General 
Electric Co. May 12. Attendance 40. 


Past 
Branch Meetings 


Alabama Polytechnic Institute 


Election of officers as follows: W. H. 
Mimns, chairman; TT. N. Pyke, vice- 


chairman; G. EF. Fuker, — secretary. 
April 28. Attendance 17. 
University of Alabama 

Business meeting. April 27. Atten- 


danee 15, 


University of Arizona 


X-Rays AND THEIR APPLICATION, by 
Paul F. Hawley, student. April 10. 
Attendance 6. 


University of Arkansas 


Demonstration of a color organ was 
given by Professor Wesley Roberds, 
Physics Dept. April 23. Attendance 22. 


Armour Institute of Technology 


Film—‘‘The Single Ridge.” 
Attendance 51. 


May 1. 


Polytechnic Institute of Brooklyn 


EvLecrrons anD Sus-ELectTRons, by 
Dr. Ernst Weber. April 23. Atten- 
dance 42 


California Institute of Technology 


Powrr Systems oF GERMANY, ENG- 
LAND, AND FRANCE, by Professor W. T. 
Ryan, University of Minnesota. April 
16. Attendance 35. 


University of California 


Russian Five Year Puan, by Robert 
Sibley, University of California Alumni 


Association. Joint meeting with the 
A.S.M.E. Branch. April 8. Atten- 
dance 55. 


Carnegie Institute of Technology 


s 


Sounp Morton Pictures, by Carl 
Long, student; 

UNDERGROUND CaBLEs, by Thomas 
Zima, student. Election of officers as 
follows: Walter B. Wigton, chairman; 
H. A. Wagner, vice-chairman; F. A. 
Lennberg, secretary; S. J. Myers, 


treasurer. April15. Attendance 22, 


University of Cincinnati 


Lirs or JosrpH Henry, by D. Michael, 
student. Illustrated lecture on Eizctrric 
Surp Proputsion. Hlection of officers as 


follows: W. Kock, chairman; H. 
Koerber, vice-chairman; Mr. Schmidt, 
secretary; Mr. Manning, treasurer. 


April 21. Attendance 23. 


Clarkson College of Technology 


Inspection trip to the sawmill of the 
Elliott Hardwood Co., Inc., at Potsdam. 
April8. Attendance 12. 


Colorado State Agricultural College 


Inspection trip to the Valmont elec- 
trical plant of the Publie Service Co. of 
Colorado. April 24. Attendance 11. 


University of Colorado 


New DrveLoPMEnts IN ENGINEERING, 
by Wm. Trudgian, Westinghouse Electrie 
& Mfg.Co. Film—‘‘Westinghouse Steam 
Turbines.” Aprill. Attendance 38. 

Annual College Night held jointly with 
the Denver Section. (For complete 
report see ‘Past Section Meetings.’’) 


ELECTRICAL ENGINEERING 


Cornell University 


Talks on the life of Faraday by four 
students. Election of officers as follows: 
Randall A. Smith, chairman; Wm. S. 
Bachman,  secretary-treasurer. April 
22. Attendance 23. 


Drexel Institute 


PoTENTIOMETER PyRomeETER, by Fred 
C. Haish, student. April 21. Atten- 
dance 34. 

An explanation and description of the 
Reading R.R. suburban electrification 
and Wayne Junction substation construc- 
tion was given by S. I. Croney, student. 
May 5. Attendance 10. 


Duke University 


Courter Systems Usrep In TELEPHONE 
CoMMUNICATIONS OF PowER CoMPANIES, 
by S. G. Flack, student. Election of 
officers as follows: 8. G. Flack, chairman; 
A. L. de Bruyne, vice-chairman; J. A. 
Womack, secretary-treasurer. May 5. 
Attendance 15, 


Georgia School of Technology 


Lieutine, by Mr. Horton, General 
Electric Co. April8. Attendance 113. 


Harvard University 


ENGINEERING STUDENTS AND THE 
MANAGEMENT oF Men, by Professor 
E. D. Smith, Yale University. April 24. 
Attendance 30. 


University of lowa 


Four reels of motion pictures on tele- 
phone communications were shown. 
April15. Attendance 42. 


University of Florida 


Ligutineg Dzsien, by John W. Wilson, 
student. April13. Attendance 23. 

Election of officers as follows: R. E. 
Walker, chairman; J. C. Huffer, vice- 
chairman; L. P. Barnett, secretary- 
treasurer. April20. Attendance 21. 


Kansas State College 


Tue SuccessruL EneIneER, by Pro- 
fessor L. M. Jorgenson. April 9. Atten- 
dance 67. 

The same program was presented at 
the evening meeting. April 9. Atten- 
dance 41. 

Tue ENGINEERING Wieip, by H. S. 
Kilby, Kansas Power Co. | Film—‘‘The 
Benefactor.”’ April23. Attendance 40. 

The same program was presented at 
the evening meeting. April 23. Atten- 
dance 70. 

Tue DesigN or TELEPHONE OUTSIDE 
Puants, by E. C. Kuhlman, South- 
western Bell Telephone Co. May 7. 
Attendance 73. 

The same program was presented at 
the evening meeting. May 7. Atten- 
dance 40. 
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University of Kansas 


Banquet. Attendance 146. 

Lire or Micuaen Farapay, by Charles 
Brecheisen, student; 

Lire or JosepH Henry, by Clifford 
Hamel, student. The Branch was pre- 
sented with the Sigma Tau cup for the 
best exhibits in the engineering exposi- 
tion. May 7. Attendance 47. 


Lafayette College 


Business meeting. May 2. Atten- 


dance 25. 


Lewis Institute 

Description of the electrification of the 
suburban division of the Illinois Central 
Railroad Co., by C. H. Mottier, of that 
company. April3. Attendance 151. 


University of Louisville 


Lirr or JosepH Henry, by Mr. 
Friedman, student; 

Lire or Farapay, by Mr. Knoop, 
student. Mr. Cook, student, reviewed 
the achievements of 19380. March 20. 


Attendance 15. 


University of Maine 


Rapio, by Walter J. Creamer, student. 
April9. Attendance 22. 

Election of officers as follows: R. E. 
Young, chairman; Gerald Frost, vice- 
chairman; Roland J. Tibbetts, secre- 
tary; Thomas Morrison, treasurer. 
April 21. Attendance 16. 

Vacuum TuBES AND THEIR INDUSTRIAL 
Appiications, by Oliver Ajer, General 
Electric Co. Demonstration of the 
operation of the photoelectric cell and the 
thyratron. April 23. Attendance 160. 


Marquette University 


Executive board meeting. March 26. 
Attendance 7. 
SwITcHES AND SwircHiIne, by J. D. 
Greensward, Allis-Chalmers Co.; 
PERSONALITY IN ENGINEERING, by 
H. §S. Day, Wisconsin Telephone Co. 
Annual banquet. April 9. Attendance 


50. 


Massachusetts Institute of Technology 


Tse PrirzoKkiectric OscILLATOR IN 
THE PowErR INpustry, by B. H. Bucking- 
ham; student; 

Rapio IN AERONAUTICS, by J. G. 
Ritchey, student. April 14. Attendance 50. 


Michigan College of and 


Technology 


Mining 


Farapay and His Harty Exrrri- 
MENTS, by Oscar Hane, student; 

Tur Harty History or E.ectriciry, 
by William Keyes, student. March 25. 
Attendance 15. 


Michigan State College 


Demonstration and explanation of the 
control device ealled the ‘‘Telemat,’’ 


by W. H. Bliss, instructor. 
Attendance 23. 

Talks on the life and work of Faraday 
and Henry, by E. Moore and J. Young, 
students. Election of officers as follows: 
Edwin W. Moore, chairman; John 
Young, vice-chairman; Webster Bowler, 
secretary-treasurer. April 28. Atten- 
dance 24. 


April 14. 


University of Michigan 


EXPERIENCES WITH THE Detroit EprI- 
son Co., by William S. Thomas, student. 
April 29. Attendance 28. 


School of Engineering of Milwaukee 


SUBSTATIONS AND SUBSTATION Mrtur- 
InGc Equipment, by William MDuhn, 
instructor; 

Vacuum TusEes AND TuHerR USE IN 
Mepictine, by Wm. P. Gainer, Branch 
chairman. Film—‘‘The Single Ridge.”’ 
April8. Attendance 45. 


Missouri School of Mines and Metal- 
lurgy 

Tue APPLICATION OF THE PHOTO- 
ELECTRIC CELL, by M. R. James, student; 

HyprorLecrric DEVELOPMENTS, by 
Professor I. H. Lovett, counselor. April 
15. Attendance 24. 

Inspection trip to the Bagnell Dam. 
April18. Attendanee 43. 

Six films shown as follows: ‘‘Telephoto 
Equipment,” ‘‘Television,’ ‘Electric 
Heat in Industry,” ‘Induction Voltage 
Regulators,” “Oil Cireuit Breakers,’ and 
“The Automatic Substation.”’ April 22. 
Attendance 24. 


Montana State College 

Banquet given in honor of Dean H. V. 
Carpenter, University of Washington, and 
vice-president, District No. 9, at which 
he delivered an address entitled Con- 
TINUITY OF SERyIcE. April 9. Atten- 
dance 39. 

Man anp His Macurnes, by Dean 
H. V. Carpenter. April 9. Attendance 
164. 

ELectric COMMUNICATION AND THE 
New York Stock Excuanes, taken 
from HuLEctricAL ENGINEERING, pre- 
sented by C. G. Anderson, student; 

CRACKING O1L By Exscrriciry, taken 
from HEurectricaL ENGINEERING, pre- 
sented by Eric N. Blannin, student; 

InspEcTION or Arc We tps, by Edgar 
Dolum, student; 

Two Evevators In Onz Swart, taken 
from Electric Journal, presented by 
Leonard Estey, student. April 16. At- 
tendance 125. 

Election of officers as follows: Homer 
Lambdin, chairman; Jean Smith, vice- 


chairman; Wesley Funk, secretary; 
William Scheele, treasurer. April 21. 
Attendance 30. 


PrivatEe-Wire TELEGRAPH SERVICE, 
taken from Euecrrican ENGINEERING, 
presented by James Graybeal, student; 
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MAINTENANCE OF DISTRIBUTION SYS- 
tems, by Arthur W. Buckley, student; 

RAILROADS vs. TRANSMISSION LINES, 
taken from EuecrricaL ENGINEERING, 
presented by Wesley Funk. April 23. 
Attendance 120. 

VENTILATING ELECTRICAL GALLERIES, 
taken from Electrical World, presented by 
Curtis Hanson, student; 

Recent Usrs AND DEVELOPMENTS OF 
ELECTRICITY IN TRANSPORTATION, by 
Armin J. Hill, student; 

Rapio Beacon GuipEsS PLANES, by 
Homer Lambdin, student. April 30. 
Attendance 114. 

Inspection trip to the Anaconda Copper 
Mining Company; Morony, Volta, Rain- 
bow, and Black Hagle power plants of the 
Montana Power Co.; Claude Neon Sign 
Works; Automatic telephone exchange of 
the Mountain States Tel. & Tel. Co.; and 
radio station KFBB. May 46. At- 
tendance 29. 

ANALYSIS OF Rapio INTERFERENCE, by 
W.H. Bato, student; 

TREATING REWOUND 
Carl Wall, student; 

CURRENT COLLECTION IN HypDROGEN 
ATMOSPHERE, by Jean Smith, student. 
May6. Attendance 77. 


Morors, by 


University of Nevada 


ENGINEERING Economics, by J. Hough, 
student; 

New DrvreLopMENTS IN SYNCHRONOUS 
Morors, by Clarence Jones, student. 
April4. Attendance 13. 

Tur Usr or Hyprocmn In Rotatine 
EvectricaL APPARATUS AS A COOLING 
Mepium, by E. H. Tucker, student. 
April15. Attendance 24. 


Newark College of Engineering 

Mercury Arc ReEcriFricaTIoN, by 
Paul Dumont, General Electric Co. 
Election of officers as follows: HE. Olsta, 
president; J.G. Woehling, vice-president; 
M. Barker, treasurer. April 20. At- 
tendance 25. 


University of New Hampshire 


Tur PRogpLeMS OF TELEPHONE TRANS- 
MIssION, by O. W. Hshbach, American 


Tel. & Tel. Co. April 10. Attendance 
103. 

Vacuum Tuses, by Oliver Ajer, 
General Electric Co. Demonstrations. 
April21. Attendance 83. 

College of the City of New York 
Eighth annual dinner. April9. At- 


tendance 112. 

Execrric Drive or Suirs, by Frank 
V. Smith, General Electric Co. April 16. 
Attendance 20. 


North Carolina State College 


Election of officers as follows: G. E. 
Ritchie, chairman; J. W. Southerland, 
vice-chairman; L. C. Hubbard, seere- 
tary. April14. Attendance 28. 
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Rapio FREQUENCY AMPLIFIERS, by 
W.S. Smith, student. May 12. Atten- 
dance 21. 


University of North Carolina 


Rapio AppiicaTions, by R. V. White- 
ner, student. Election of officers as 
follows: D. J. Thurston, Jr., chairman; 
R. C. Cadmus, vice-chairman; Lloyd 
Swain, treasurer; Sam Barham, secre- 
tary. April23. Attendance 41. 


North Dakota State College 


Election of officers as follows: Clarence 


Bryant, chairman; Fred Payne, vice- 
chairman; Ralph Simenson, secretary- 
treasurer. April 13. Attendance 13. 


Lire oF STeINMETz, by Andrew Fritch, 
student. Film—‘‘Electrie Welding.’ Joint 
meeting with A.S. M.E. April16. At- 
tendance 66. : 

Film—“‘Dynamie America.” Joint 
meeting with A. S. M. E. and College 
Engineers’ Club. April 30. Attendance 
57. 


University of North Dakota 


Film—‘‘The General Electric Test 
Course.’ April29. Attendance 15. 


University of Notre Dame 


SuBSTATION Desten, by EH. P. Kreimer, 
Indiana Michigan Electric Co. Patrick 
Murray, student, presented the regular 
engineering news review. April13. At- 
tendance 46. 

APPLICATION OF ELEcTRiciITy TO Mrr- 
ALLURGY, by Edward G. Mahin, chemis- 
try dept.; 

Tur Mercuanicau Larynx, by Charles 
Podlaski, student. Patrick Murray, 
student, presented the engineering news 
review. Election of officers as follows: 
Hugh Ball, chairman; J. Andres, vice- 


chairman; F. A. Consolati, secretary; 
L. R. Rohlof, treasurer. April 27. 
Attendance 56. 


Oklahoma A. & M. College 


Power DistTrRiBuTion IN Ciry Limits, 
by V. A. Pendelton, Oklahoma Gas & 
Electric Co. Election of officers as 


follows: Joe Hutchinson, chairman; 
L. C. Hanan, vice-chairman; Clyde 
Benson, secretary. April 24. Atten- 
dance 40. 


Oregon State College 


ENGINEERING Practisz, by EH. D. 
Searing, Portland General Electric Co. 
April 30. Attendance 33. 


Pennsylvania State College 

CouitecE InuumMINATION, by Professor 
D.L. Markle. April 22. Attendance 14. 
Pratt Institute 


Films—“Conowingo” and “Steam Tur- 
bine with a Solid Rotor.” April 15. 
Attendance 23. 


Mr. Muldaur, Nationai Fire Under- 
writers’ Laboratories, spoke on the testing 
and setting of standards for mechanical 
and electrical equipment, and also gave a 
brief outline of the development of the 
association and its uses to the public. 
April 23. Attendance 150. 


Purdue University 


Hisrory or Micuaren FarapAy’s Lire, 
by M. F. Droege, student; 

Experiments BY MicHarny FarabDay, 
by Paul E. Duff; student. W. P. Hall- 
stein and C. C. Fisher, students, gave a 
demonstration on the operation of a tesla 
coil. April28. Attendance 100. 


Rhode Island State College 


Election of officers as follows: Leon C. 
Breault, chairman; Byron A. Porter, 
vice-chairman; Lloyd EE. Crandall, 
Secretary-Treasurer. April 15. Atten- 
dance 15. 


Rice Institute 

TELEVISION, by Mr. Kennedy, student. 
April15. Attendance 20. 
University of Santa Clara 


Election of officers as follows: Lionel W. 


Thorpe, chairman; John Pecharich, 
vice-chairman; Thomas Eberhard, sec- 
retary-treasurer. April 30. Atten- 
dance 21. 
University of South Carolina 

Business meeting. April 13. Atten- 


dance 13. 

Tur ENGINEER AND Hits CONNECTION 
witH SANITATION, by Col. A. E. Legare, 
supervisor, Dept. of Health. April 20. 
Attendance 31. 

Micuarn Farapay, by L. E. Rankin, 
student; 

Cuartes P. Srernmerz, by CC. 
Urquhart, student. April 27. Atten- 
dance 35. 


South Dakota State School of Mines 


Professor J. O. Kammerman, counse- 
lor, Almon Bjerke, Branch secretary, and 
Charles Laws, Branch chairman, gave 
reports of the fifth annual conference of 
student Branches of District No. 6. 
April 22. Attendance 36. 


Stevens Institute of Technology 


SUBMARINES, by R. C. Welles, student. 
April 16. Attendance 25. 


Syracuse University 


BussBar Stresses, by Oliver Bigsby 
and Edwin Hinchliffe, students; 

Scortr CoNNECTION FOR AUTOTRANS- 
FORMERS, by Lyndon Depew and W. 
Kleppinger, students. April 17. Atten- 
dance 25. 


University of Texas 


Inspection of the electrical equipment 
of the Norwood Building, Littlefield 
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Building, and Austin Power Plant. April 
9. A.tendanee 18. 


University of Utah 


Election of officers as follows: Richard 
C. Hansen, chairman; Philip J. Elsey, 
vice-chairman; W. S. Nishiyama, sec- 


retary-treasurer. April 21. Attendance 
37. 

University of Vermont 

Hyprocen Coonine or Rorarine 
Evectricat Macuinery, by E. J. 
Mercier, student. April 14. Atten- 
dance 22. 


Films—‘‘A Conerete Example,” ‘‘The 
Telephone Repeater,”’ “Something About 
Switchboards,” and ‘‘The World’s Tele- 


phone Workshop.” April 21. Atten- 
dance 40. 
Election of officers as follows: Donald 


E. Child, chairman; C. B. Cross, vice- 
chairman; Robert A. Hyde, secretary- 
treasurer. April 28. Attendance 24. 


Virginia Military Institute 


TELEVISION, by R. P. Sledge, student; 

A Fuoating Power Puant, by J. C. 
Shell, student; 

Fourure or Euectriciry, by H. J. 
Geiger, student. April 18. Atten- 
danee 50. 


Virginia Polytechnic Institute 


Some ASPECTS OF THE SCIENTIFIC 
Work oF THOMAS JEFFERSON, by Pro- 
fessor W. S. Rodman, University of Vir- 
ginia, and vice-president, District No. 4, 
A. I.E. E. May 5. Attendance 51. 


University of Virginia 
Tue History AND DEVELOPMENT OF 


THE TELEPHONE, by B. G. Switzer, 
student. April 7. Attendance 17. 


University of Washington 


TELEVISION, by Carl Johnson, student. 
April9. Attendance 13. 

‘“Rupy”’ THE Next DrVELOPMENT OF 
THe Sxacit, by J. D. Ross, former 
Superintendent of Lighting, City of 
Seattle. April16. Attendance 213. 


Washington State College 


Direcr CourLep AMPLIFIERS, THEIR 


CONSTRUCTION AND Ussz, by L. N. 
Hatfield, Branch chairman. May 1. 
Attendance 22. 
Washington University 

Election of officers as follows: D. A. 


Fischer, president; Charles L. Cline, 
vice-president; Ernest A. Wolff, secre- 
tary-treasurer. April 30. Attendance 
16. 


West Virginia University 


The following talks given by students 
were based on a recent inspection trip: 
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WestincHouse Hien Voutracr Las- 
oratory, by H. O. Webb; 

H. J. Hernz Co., by J. R. Nottingham; 

American Brinpgz Co., by J. EH. 
Newcomer; 

Morors ror Top P. R. R. Euecrrirt- 
cation, by C. Malone; 

New Power PLANT IN 
Caro.ina, by H. V. Locker; 


SoutTH 


PrirrsBuRGH TRANSFORMER WORKS, 
by F. E. Watson. April 21. Atten- 
dance 32. 

The following talks given by students 
were based on a recent inspection trip: 

Jones & LAUGHLIN STEEL Corp., by 
G. Pride; 

Mesra Macutne Co., by S. Boone; 

ELECTRICAL COMMUNICATION IN N. Y. 
Srock ExcuanceE, by C. DeLancy; 

Syncuronovus Morors ror Suipe PRo- 
PULSION, by P. Steenbergen; 


PROPELLER Typp or Pumps, by C. 
Withers; 

Beit TELEPHONE Co., by A. Fervier; 

ELECTRIFICATION OF THE PENNSYL- 
vania R. R., by W. Unger; 

Eppy CuRRENTS, by 
April 28. Attendance 32. 


G. Lefevre. 


University of Wyoming 


Blection of officers as follows: Neil 
Sanders, chairman; T. Hance, vice- 
chairman; Roy Perkins, — secretary- 


treasurer. April7. Attendance 10. 

Lirz or Farapay, and Crrcvuit 
Breaxers, by Reece Achenbach, student. 
May 5. Attendance 8. 


Yale University 


Election of officers as follows: Ludwig 
B. Hansen, chairman; J. A. Keyser, 
sreasurer; FEF. M. Wolff, secretary. 
May 1. Attendance 16. 


Eeaslovmient Notes 


Of the Eeoineerne Societies enaplaymnent Service 


Positions 
Open 


ELECTRICAL ENGINEER with experience 
in designing a-c. and d-c. machines. Apply by 
letter giving qualifications. Location, vicinity 
of New York City. W-2753. 

YOUNG MAN with training and experience 
in patent and trade mark law, who would like to 
work himself into the patent and trade mark 
problems of a large chemical firm. Apply only 
by letter. Location, New York. W-2018. 


Men 
Available 


ELECTRICAL ENGINEER with 15 years’ 
experience in design, construction, reports and 
editorial work. Now engaged on special pub- 
lishing job; will be available for publicity or 
editorial work on trade publications. References 
from leading engineering and publishing firms. 
B-4022. 


1930 TECHNICAL GRADUATE, B.S. in 
M. E., age 24, single. Five and a half months’ 
experience with conveyer manufacturer. De- 
sires training with some engineering company. 
Salary secondary. Location, immaterial. Avail- 
able at once. O-9095. 


GRADUATE ELECTRICAL ENGINEER, 
35, married. ‘Twelve years’ experience of which 
five as junior executive. Desires position as 
assistant general executive or in transmission 
or distribution department, United States. 
Street railway, power and light utility experi- 
ence. Good references. Available July. C-5091. 


ELECTRICAL ENGINEER, age 31, B.S. 
in E.E. Two years’ electric car-shop experi- 
ence; one year student engineer with power 
company; two years in engineering department 


of street railway company; one year electrical 
control of armament on aeroplanes; one year 
hydroelectric power studies. C-6077. 


COMMUNICATION ENGINEER, 40, 
married, B. S., E. E.and E. EB. degrees. Retired 
officer naval service. Twelve years’ experience 
administration of communication organizations, 
development and operation radio-communica- 
tion systems. Wide experience handling 
personnel. Three years director of radio, 
foreign government. Previous experience naval 
operator. Location, immaterial. Available 
July 1,1931. C-9200. 


ELECTRICAL ENGINEER, 34, married, 
graduated in Europe, with nine years’ American 
experience covering drafting, testing, research, 
supervision of electrolysis work, operating and 
planning. Familiar with overhead and under- 
ground transmission and heavy electrical trac- 
tion. Last two years as assistant electrical 
engineer with large hydro projects. Available 
on short notice. O-9170. 


GRADUATE ELECTRICAL ENGINEER, 
desires substantial connection with public 
utility or industrial firm on power engineering 
as engineer or assistant to superintendent or 
engineer. Ten years’ experience in power-plant 
test, operation, design, construction, and main- 
tenance. Three years electrical engineer for 
industrial firm. Two years assistant to power 
engineer. B-8379. 


ELECTRICAL ENGINEER, 35, married, 
B.S. in E. E., four years’ experience in elec- 
trical design at steam and hydroelectric plants, 
switching stations, substations and transmission 
lines including field experience; two years design 
and construction of railway electrification. Also 
has had practical experience in industrial con- 
struction, factory and steel mill maintenance. 
References. ©O-9211. 


SALES EXECUTIVE ENGINERR, elec- 
trical training and seven years’ experience cover- 
ing sales engineering, sales promotion, sales 
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management. Has traveled extensively, ac- 
quainted with conditions in all sections of 
country. Well acquainted with New England. 
C-5431. 


ELECTRICAL DESIGNER, age 36, mar- 
ried. Ten years’ public utility experience in 
steam and hydrcelectric plants, substations and 
industrial plants. Also served four years as fire 
insurance inspector. Graduate of technical 
school on electrical and mechanical subjects. 
C-7979. 


ELECTRICAL ENGINEER, - graduate, 
E. E. degree 1930, 25, American, single. Experi- 
ence power-cable research and testing and allied 
work. Desires any kind of work in electrical 
engineering field. Best references. Available 
immediately. Any location considered. C-9188. 


1930 GRADUATE OF E. E. under the 
cooperative plan at Georgia Tech. Worked 
alternate months with public utility company in 
Georgia in car-barn, gas, engineering, hydro- 
generation and statistics departments. Since 
graduation has worked six months with trans- 
mission line construction crew. Any location. 
C-9210. 


ELECTRICAL ENGINEER, 30, married, 
university graduate, two years’ experience dis- 
tribution engineering for large electrical manu- 
facturer; six years’ experience power-plant and 
substation maintenance, operation, design, and 
construction with large power company. Wants 
position with power company, engineering, or 
construction firm. Available upon short notice. 
Willgo anywhere. C-9267. 


RADIO ENGINEER, 33, broad training in 
research, development and production of radio 
receivers, accessories, and component parts; 
responsible charge of quality; commercial 
understanding of engineering relations to pur- 
chasing and manufacturing; advertising and 
sales. experience; resourceful. Available to 
progressive organization in radio or allied fields. 
B-5752. 


EXPERIENCED TRANSLATOR, ELEC- 
TRICAL ENGINEER by profession, French 
and German, would prefer to translate technical 
and scientific books. Best of references. 
B-7091. 


GRADUATE ELECTRICAL ENGINEER, 
1930, 24, single. Seven months’ experience 
transmission-line construction. Excellent phys- 
ical condition. Desires position with future. 
Location preferred, East. O-9238. 


ELECTRICAL ENGINEER, college gradu- 
ate, over 20 years’ experience in high-voltage 
transmission line and power-station work, princi- 
pally with Siemens Schuckert and Brown Boveri 
companies in Germany. Desires responsible 
position. C-9257. 


ELECTRICAL ENGINEER, 31, single, 
graduate University of California (1927), varied 
experience, designing, developing, testing high- 
frequency measuring apparatus. Has had some 
work engineering department, electrical manu- 
facturing and radio concern. Desires connection 
with public utility, industrial equipment com- 
pany. Now employed on development high- 
frequency apparatus. Location preferred, New 
York City. C-6734. 


ENGINEER, college graduate with B.S. in 
E. E., seeks connection as chief engineer or 
superintendent of industrial plant or office 
building. Fifteen years’ broad experience in 
power installation, operation and maintenance 
of electrical, mechanical and steam equipment. 
Familiar with building operation and main- 
tenance. References furnished with interview. 
C-9262. 


SWITCHBOARD FOREMAN, ten years’ 
experience with construction companies for 
public utilities, wiring, construction and installa- 
tion of powerhouse switchboards and control 
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apparatus. Shop experience, manufacturing 


switchboards. C©-4831. 


SENIOR STUDENT in electrical engineer- 
ing, graduating in June from Colorado Uni- 
versity, available July first. Desires position 
as a junior engineer, sales engineer or instructor 
in mathematics or electrical engineering sub- 
jects. Has had 18 months’ practical work in 
electrical service and repair of power equipment 
prior to college. Location preferred, Southern 
or Western United States. C-9241. 


ENGINEER, graduate Stevens, one and one- 
half years’ G. E. Test, with broad knowledge of 
transmission operation gained during five years 
with public utility operating in the foreign field; 
seeks new connection either domestic or foreign. 
Would be valuable for staff of general superin- 
tendent; mechanical engineer with electrical 
experience. C-9177. 


GRADUATE ELECTRICAL ENGINEER, 
1929, age 24, single. Two years’ experience in 
Overhead distribution and transmission design, 
drafting, and estimating. Best of references. 
C-9256. 


ELECTRICAL AND RADIO ENGINEER, 
39, University graduate with B.S. in E. E. 
G. E. Test experience. Fifteen years in design, 
test and operation of radio and high-frequency 
circuits and apparatus. Married, two children. 
Location secondary importance, West preferred. 
Available immediately. C-9246-314-C-12-San 
Francisco. 


GRADUATE ELECTRICAL ENGINEER, 
age 25. Two years’ experience in power system 
operation, system planning and development; 
also experience in distribution and transmission 
engineering. Desires position in any location 
with public utility, or in any electrical line offer- 
ing a future. Available upon short notice. 
References. C-9281. 


RADIO ENGINEER, 35, married, A. B. in 
M.E., and Engineer in E. E. Fourteen years’ 
experience, research, development, design, 
installation, and testing of radio transmitting 
equipment. Also experienced, patent investiga- 
tions, office management, and purchasing of 
materials. Desires executive, research, or 
teaching position permitting advancement of art 
of radio communication. C-9251. 


ELECTRICAL, MECHANICAL, CON- 
STRUCTION ENGINEER, 35, married. 
Experience in installation of automatic equip- 


57 Post St. 
San Francisco 
N. D. Cook, Manager 


AINTAINED by the national socie- 
ties of civil, mining, mechanical, and 
electrical engineers, im cooperation with 
the Western Society of Engineers, Chicago, 
and the Engineers’ Club of San Francisco. 
An inquiry addressed to any of the three 
offices will bring full information concern- 
ing the services of this bureau. 


Men Available.—Brief announcements 
will be published without charge; repeated 
only upon specific request and after one 
month's interval. Names and _ records 
remain on file for three months; renewable 
upon request. Send announcements direct 
to Employment Service, 31 West 39th 
Street, New York, N. Y., toarrive not later 
than the fifteenth of the month. 


205 West Wacker Drive 
Chicago 
A. K. Krauser, Manager 


ment in power stations, general construction 
about 11 years. Has five years air-corps ser- 
vice. Available upon notification. Location 
preferred, San Francisco, California. O-9247- 
314-O-15-San Francisco. 


GRADUATE ELECTRICAL ENGINEER, 
23, B.S., M.S. in E.E. Desires position, 
instructor in engineering department of college, 
university. Has fundamental, practical knowl- 
edge d-c., a-c. circuits and machines. Can teach 
engineering mathematics, physics. Has had 
some teaching experience; two years research 
work obtaining degrees. Available July Ist. 
Location, anywhere United States. C-9214. 


GRADUATE ELECTRICAL ENGINEER, 
29, one year Westinghouse Test course, six years 
engineering for large eastern utility. Familiar 
design, construction, and operation of distri- 
bution substations, customers’ services, load 
dispatching and supervisory-control system. 
Desires responsible position with public utility, 
consulting engineers, or sales work with elec- 
trical manufacturer. C-8322. 


RELAY ENGINEER, university graduate, 
ten years’ practical experience, thoroughly 
familiar with all relay applications and testing, 
short-circuit studies, stability calculations, and 
all problems connected with system distur- 
bances. Moderate salary. Available at once. 
C-9291. 


ELECTRICAL ENGINEER, 25, married, 
desires engineering work. Has been on elec- 
trical seismograph for last two years. Work 
involved use of portable oscillograph and wireless 
telegraphy. Holds second-grade commercial 
operator’s license. Has one year public utility 


experience and surveying experience. Personal 
interview desired. O©-3035. 
ELECTRICAL ENGINEER, 23, single, 


graduate Georgia School of Technology, B.S. 
degree in E. E. Cooperative plan 1930; five 
years’ experience railroad shop all departments 
during cooperative course; one year experience 
with utility on manufacturing concern. Prefers 
Southeast. C-9292. 


DISTRIBUTION ENGINEER, 29, single. 
Six years’ experience on overhead distribution, 
estimating, design, construction and revamp in 
general office of large utility. Available im- 
mediately. Location preferred, West, but will 
consider others including foreign country. 
C-9307-314-C-13-San Francisco. 


ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


31 West 39th St. 
New York 
W. V. Brown, Manager 


Opportunities.—A weekly bulletin of 
engineering positions open is available to 
members of the cooperating societies at a 
subscription of $3 per quarter or $10 per 
annum, payable in advance. 


Voluntary Contributions.—Members 
benefiting through this service are invited 
to assist in its furtherance by personal con- 
tributions made within 30 days after place- 
ment on the basis of 1.5 per cent of the 
first year’s salary. 


Answers to Announcements.— 
Address the key number indicated in 
each case and mail to the New York office, 
with an extra two-cent stamp enclosed 
for forwarding. 


ELECTRICAL ENGINEERING 


JUNIOR ENGINEER, 1930, graduate, B. S. 
degree in E. E. Associate member of Sigma Xi. 
Eight months’ practical experience in research, 
design, and testing with large radio concern. 
Desires position as engineering instructor or in 
any electrical line offering a future. Eastern 
location preferred. Salary secondary to op- 
portunity. C-9300. 


ELECTRICAL ENGINEER, age 28; single; 
considerable industrial experience; one year as 
graduate assistant; M.S., Iowa State College, 
1930; B.S. Pennsylvania State College, 1925. 
Desires position as instructor with the prospect 
of a permanent teaching position. O-3202. 


ELECTRICAL ENGINEER, 28, A.B., 
E. E. 1926. Two years as emergency man, one 
year as engineering assistant with a New York 
Power Company. Four years with a Telephone 
Company making studies of equipment and 
operating conditions and on service mainte- 
nance. Two years teaching mathematics in 
evening classes. References. C-9308. 


HEATING ENGINEER, 12 years’ experi- 
ence, largely on industrial electric heating 
equipment, particularly heat treating and 
forging furnaces. University of Wisconsin 
graduate (1918). Some are-welding and motor 
design experience. Familiar with research, 
design and sales practise. Locate anywhere. 
Prefer executive position. B-8838. 


ELECTRICAL ENGINEER, B.S. degree 
in E.E. in 1925. Five years’ experience in 
electrical equipment design, public utility opera- 
tion, and field construction. Natural writing 
talent. Desire work in editorial or related fields. 
C-4875. 


RADIO ENGINEERING GRADUATE, 
student in one of the greatest eastern universi- 
ties, desires connections fitting his education. 
Has B. E. degree in E. E. and has been very 
active in radio engineering practise for seven 
years. Available at once, age 23 years. C-7315. 


GRADUATE IN ELECTRICAL ENGI- 
NEERING, 1928, married; one year’s experi- 
ence on Westinghouse test floors assigned to 
traction apparatus. Has completed Westing- 
house graduate student course. Has had 
approximately 18 months’ experience as sales 
engineer. Especially interested in work within 
transportation industry, or as instructor in 
recognized engineering school. Excellent scholas- 
tic record and references. C-9309. 


GRADUATE ELECTRICAL ENGINEER, 
35, good technical school. Ten years’ experience 
in electrical station construction and design 
drafting, including considerable mechanical 
experience. Latest position superintendent of 
design and construction of transformer sub- 
station. Preferring station design and construc- 
tion with utility, would consider engineering 
industrial plant maintenance or operation. 
C-7043. 


COLLEGE GRADUATE class of '29, B.S. 
degree in electrical engineering, 25, single, G. H. 
Test, general engineering and business courses. 
Interested in position in engineering department 
of manufacturing or utility company. Avail- 
able at once. 
C-9003. 


ELECTRICAL-MECHANICAL ENGI- 
NEER, 28 years old, experienced in power 
generation, distribution and application to in- 
dustrial uses. Desires position as electrical- 
mechanical engineer in charge of operation, 
maintenance and repairs with manufacturing 
concern generating own power. O©-9063. 


GRADUATE ELECTRICAL ENGINEER 
with broad experience in development and de- 
sign, executive and engineering on small elec- 
tric motors, desires connections as engineer or 
chief draftsman. Available in from twenty to 
thirty days. Married. References. B-9395. 
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Location, Eastern United States. ° 


COLLEGE GRADUATE, 27, single, B. S. in 
E. E. Eighteen months General Electric Test, 
twenty-two months telephone equipment engi- 
neer. Desires position in manufacturing or 
utility company. Location preferred, Middle 
West, but, not essential. Available at once. 
C-9285. 


ELECTRICAL ENGINEER, B. 8. degree 
1929, married, 33, American. Two years’ 
experience as a draftsman-designer with large 
utility company. Experienced on outdoor and 
indoor high-voltage substations. Speaks Rus- 
sian, (United States citizen). Well acquainted 
with Manchuria, China. Location, immaterial. 
C-6290. 


ESTIMATING ENGINEER, B. S. degree in 
E. E., age 34, married. Ten years’ experience 
with large company manufacturing electrical 
power equipment, including designing electrical 
and mechanical construction and calculating 
cost, weight and dimensions of this apparatus, 
in connection with customers’ negotiations. 
Available at once. Location, immaterial. 
C-4633. 


GRADUATE ELECTRICAL ENGINEER, 
single, age 25, eight months engineering assistant 
power department office of public utility, four- 
teen months equipment engineer handling instal- 
lation and testing of toll line telephone equip- 
ment. Good general knowledge of building 
trades. Excellent references. Location, im- 
material. C-8126. 


ELECTRICAL ENGINEER, 24, single; 
B.S. in E. E., 1929; M.S. 1931. Westinghouse 
graduate student course. Some experience in 
acoustic and radio laboratories. Six months’ 
experience with phototube and grid-glow tube 
applications. Natural writing ability. Avail- 
ableatonce. Location, immaterial. C-9314. 


GRADUATE ELECTRICAL ENGINEER, 


B. S. degree, age 24 and single. Experience in 
machine shop and steel construction work. 
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Four years of practical and theoretical electric- 
ity in college. Willing to start at bottom and 
work up witha reliable company. Available any 
time. Location, anywhere in United States. 
C-9135. 


ELECTRICAL ENGINEER, age 45, techni- 
cal school graduate desires position with railway, 
consulting engineer, or industrial plant. Twenty- 
four years’ experience with large street railway 
and electrical contractor on drafting, designing, 
estimating, construction and operation of 
power, distribution and miscellaneous electrical. 
Conversant with power reports, new projects, 
budgets and executive responsibility. C-7202. 


ELECTRICAL ENGINEER, 1930 graduate, 
22, single. One year on the Westinghouse 
student course. Desires position as instructor 
in electrical engineering. Available school year 
1931-1932. References. Location, immaterial. 
C-9311. 


ELECTRICAL ENGINEER, B.S. E.E., 
729, M.S. E.E. ’31, leading university, 18 
months General Electric Test, 23, single. De- 
sires to teach in technical university. Prefer 
Mid West. C-9320. 


ELECTRICAL ENGINEER with Master’s 
degree, industrial design and development of 
electrical-control equipment, authority on elec- 
trolytic condensers; married; will work any- 
where except Russia, Available on six weeks’ 
notice. Employed at present. Not interested 
in position without full responsibility. C-7288. 


ELECTRICAL EXECUTIVE, 39, married. 
Thoroughly experienced in power plant and 
industrial construction, maintenance. Can 
handle men and improve service. Very well 
qualified to assume part of the responsibility of a 
busy executive. Replies confidential. C-2028. 


ELECTRICAL ENGINEER for eight years 
in charge of design and construction of large 
switching stations up to 220,000 volts in the 
East, and with strong mechanical and structural 
antecedents seeks permanent connection. O-9332, 


Recommended 
for Transfer 


The Institute’s board of examiners at its 
meeting of April 29, 1931, recommended the 
following members for transfer to the grade of 
membership indicated. Any objection to these 
transfers should be filed at once with the 
national secretary. 


To Grade of Fellow 


KELLY, MERVIN J., Vacuum Tube Develop- 
ment Engr., Bell Telephone Laboratories, 
Inc., New York. 

KRAFT, CHRISTOPHER H., Supt. of Elec- 
trical Distribution, Union Electric Light 
and Power Co., St. Louis, Mo. 


To Grade of Member 


AJANI, FRANCESCO, vice-director, Societa 
Industrie Elettrotelefoniche, Turin, Italy. 

ALLENDE, OCTAVIO E., asst. general mgr., 
Compania Electrica de Cartago, Costa 
Rica, C. A. 

CARTER, E. L., consulting engr., 814 Con- 
tinental Bank Bldg., Indianapolis, Ind. 


COOPER ROBERT S., supervisor of communi- 
cations, West Penn Power Co., Connells- 
ville, Pa. 

CORSON, LEROY, supervisor, N. Y. & Queens 
Elec. Lt. & Pr. Co., Flushing, N.Y. 


FEDER, TOBIAS M., district sales megr., 
Jeffery Dewitt Insulator Co., Chicago, Ill. 


GOLDTHWAITE, GEORGE E., consulting 
engr., Hine, Goldthwaite & Mylott, New 
York. 

MARQUIS, VERNON M., elec. engr., Ameri- 
can Gas & Elec. Co., New York. 

MARTIN, EDWIN R., motor engr., Delco 
Products Corp., Dayton, Ohio. 


RALPH, ARTHUR J., technician, Yale Uni- 
versity, New Haven, Conn. 


ROTTY, OSCAR J., supt. of substations, Union 
Electric Lt. & Pr. Co., St. Louis, Mo. 


SANO, SHIRO, president, Sano Electric Mfg. 
Co., Tokyo, Japan. 


SCHULER, L. R., inspector, Public Service Co. 
of Northern Illinois, Chicago, Ill. 


WRIGHT, SUMNER B., telephone engr., 
American Tel. & Tel. Co., New York. 


461 


Applications 
for Election 


Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the Institute. Unless other- 
wise indicated, the applicant has applied for 
admission as an Associate. If the applicant has 
applied for direct admission to a grade higher 
than Associate, the grade follows immediately 
after the name. Any member objecting to the 
election of any of these candidates should so 
inform the Secretary before June 30, 1931. 


Atkinson, C. R., General Electric Co., Fort 
Wayne, Ind. 

Bailey, R. S., (Member), American Tel. & Tel. 
Co., New York, N. Y. 

Balzer, E. W., Healds Engineering 
San Francisco, Calif. 

Bangs, J. E., (Member), Suite 1122, Earle 
Bldg., Washington, D.C. 

Bardwell, M. W., Syracuse Lighting Co., Inc., 
Syracuse, N. Y. 

Barkson, J. A., American Tel. 
Cleveland, Ohio 

Bonnett, A. A., Alaska Gold Mines Co., Thane, 
Alaska 

Boulton, B. K., (Member), Beauharnois Con- 
struction, Beauharnois, Que., Can. 

Buese, L. A., Los Angeles Gas & Electric Corp., 
Los Angeles, Calif. 

Burleson, W. H., (Member), Ohio Brass Co., 
Mansfield, Ohio 

Campbell, R. W., General Electric Co., New 
York aN cy. 

Clark, Maurice E., New England Tel. & Tel. Co., 
Boston, Mass. 

Elliott, H. J., Atmospheric Nitrogen Co., 
Hopewell, Va. 

Fouracre, V. W. M., M. Montgomery & Co., 
Ltd., Vancouver, B. C., Can. 

Friedman, V. N., (Member), Jas. R. Kearney 
Corp., St. Louis, Mo. 

Gills, E. T., Ohio Brass Co., Mansfield, Ohio 

Gonzalez, J. J., Veracruz Electric Lt. Pr. & 
Traction Ltd., Veracruz, Mexico 


College, 


& Tel. Co., 


Harris, C. E., Duke Power Co., Charlotte, 
No. Car. 

Hatfield, B. F., Southern Bell Tel. & Tel. Co., 
Atlanta, Ga. 


Herwegh, L. J., (Member), Atwater Kent Mfg. 
Co., Philadelphia, Pa. 

Holmes, L. C., Rensselaer Polytechnic Institute, 
Troy, N. Y. 

Hutson, R. V., Cincinnati & Suburban Bell 
Tel. Co., Cincinnati, Ohio 

Ingles, J. A., Hydro-Electric Power Commission 
of Ontario, Toronto, Ont., Can. 

Jack, F. M., New York Edison Co., New York, 
Ii Se 

Kalen, E. T., N. W. Electric & Machine Co., 
Milwaukee, Wis. 

Kanekeberg, A., Public Service Co. of Colo., 
Denver, Colo. 

Kiltie, O., General Electric Co., Fort Wayne, 
Ind. 

Kimbrell, M. R., (Member), Duke Power Co., 
Charlotte, No. Car. 

Lyons, 8S. E., D. L. & W. Railroad Co., Hoboken, 


ING: 

May, D. M., Collins Flashlight Corp., New 
York, N. Y. 

McGuire, F. J., Otis Elevator Co., Yonkers, 
IN Ae 

Morgan, F. D., Allied Engineers, Inc., Jackson, 
Mich. . 


Morris, F., Saskatchewan Power Commission, 
Moose Jaw, Sask., Can. 


Muller, H.S., New Jersey Bell Tel. Co., Newark, 
INS ds 


Myers, C. F., Puget Sound Power & Light Co., 
Wenatchee, Wash. 
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Needham, G. H., New Jersey Bell Tel. Co., 
Newark, N. J. 

Organ, J. W., Union Electric Light & Power Co., 
St. Louis, Mo. 

Peterson, A. W., Continental Electric Co., Inc., 
Newark, N. J. 

Peterson, N. T., MacMillen Elec. & Mfg. Co., 
Los Angeles, Calif. 

Powell, J. A., (Member), W. S. Barstow & Co., 
Inc., Reading, Pa. 

Rogers, T. A., University of California, Berke- 
ley, Calif. 

Russell, H. G., 37 Harvard St., Worcester, Mass. 

Slezak, S. T., New York Telephone Co., New 
Mork Neves 

Warrington, A. R., General Electric Co., Phila- 
delphia, Pa. 

44 Domestic 


Foreign 


Gara, E., Chile Exploration Co., Chuquicamata, 
Chile, So. America 

Hofman, S. P., The General Electric Co., Ltd., 
Witton, Birmingham, Eng. 

Kempe, R., Asea, Ludvika, Sweden 

Robinson, C. S., Cia. Chilena de Electricidad 
Ltd., Santiago, Chile, So. America 

Singh, G., Mussoorie Hydro-Electric Scheme, 
Dehradun, U. P., India 

Stock, J. M., Cia. Interprovincial de Servicios 
Publicos 8. A., Buenos Aires, Argentina, 
So. America 

Texier, J., M. M. Schneider & Cie, Paris, France 

van Dyk, J., Philips Lamps (A’sia) Ltd., Sydney, 
N.S. W., Australia 

8 Foreign 


iginesrineg Literature 


New Books 


In the Societies Library 


/ ee the new books received at 
the Engineering Societies Library, New 
York, during April are the following 
which have been selected because of 
their possible interest to the electrical 
engineer. Unless otherwise specified, 
books listed have been presented gratis by 
the publishers. The Institute assumes 
no responsibility for statements made in 
the following outlines, information for 
which is taken from the preface or text 
of the book in question. 

ExecrricaL DrRarrinag AND Dssian. 
Paaxel ershlin, Ive (Oe On 1BWEIIGye, INI, WS, 
McGraw-Hill Book Co., 1931. 190 pp., 
illus., diagrs., charts, tables, 9x6 in., 
cloth, $2.00. -Covers the ordinary 
work done in the office of an engineer, 
contractor or power company, in drafting 
and designing layouts, switehboards, resi- 
dence and power wiring, ete. A collec- 
tion of tables is included. The book 
bridges the gap between the usual course 
in mechanical drawing and the practical 
methods of the industry. The new edi- 
tion has been revised to meet changes in 
underwriters’ rules and in apparatus. 


3. Auf- 


GRUNDWASSER-ABDICHTUNG. 


lage. By J. Schultze and W. Sichardt. 
Berlin, W. Ernst u. Sohn, 1931. 69 pp., 
illus., diagrs., tables, 10x 7 in., paper. 


5-r. m. A concise review of practical 
methods for waterproofing mortar and 
conerete in underground structures. The 
advantages and disadvantages of different 
methods are described and directions 
given for their use. 


GRUNDZUGE DER TECHNISCHE SCHWIN- 
GUNGSLEHRE. By O. F6ppl. Berlin, 
J. Springer, 1931. 212 pp., illus., diagrs., 
tables, 8x5 in., cloth. 9.50-r. m. 
2nd edit. A eoncise treatise on the theory 
of vibration and its applications in engi- 
neering. The effects of vibration upon 
structural materials, methods of caleu- 
lating frequencies, damping devices, the 
prevention of vibration in reciprocating 
machines, and similar topies are discussed. 


Hicu Frequency ALTERNATING CUR- 
RENTS. By K. Mellwain and J. G. 
Brainerd. N. Y., John Wiley & Sons, 
1931. 510 pp., illus., diagrs., charts, 
tables, 9x6 in., cloth. $6.00. A 
course for senior students, as given at the 
University of Pennsylvania. The theory 
of these currents is presented and their 
use in telephony, radio communication, 
remote control, and other purposes are 
discussed. 


Higu-SreeD Diesen Enorines. By 
A. H. Goldingham. lLond., E. & F. N. 
Spon, Ltd., 1931. 148 pp., illus., diagrs., 
charts, tables, 9 x 6 in., 10s. 6d. After 
an introductory chapter upon the theory 
and advantages of this engine, the various 
systems of fuel injection are deseribed in 
detail. The remaining two-thirds of the 
book describes various types of high- 
speed Diesel engines. The book sum- 
marizes the present position of this 
engine in convenient form. 


“HAtrrh”’ pes INGENIEURS TASCHEN- 
BucH. 26 Auflage, 1 Band, 1931. By 
Akademische Verein Hiitte. Berlin, W. 
Ernst u. Sohn, 1931. 1199 pp., diagrs., 
charts, tables, 8x5 in., cloth, 17,50 
r.m.; leather, 20,50 r. m. The first 
volume of the new edition covers such 
fundamental matters as mathematics, 
mechanies, technical physics, heat, 
strength of materials, materials, measure- 
ments and surveying. Compared with 
the previous edition, this is ten per cent 
larger and has been thoroughly revised 
throughout. Hiitte still remains the 
most comprehensive collection of engi- 
neering tables, formulas and _ general 
information in print. 


MartruematicaL TABLES AND Formvu- 
Las. By R. D. Carmichael and E. R. 
Smith. Bost. & N. Y., Ginn & Co., 1931. 
269 pp., diagrs., tables, 9x 6 in., cloth. 
$2.00. This compilation aims to meet 
the needs of students in mathematics 
courses and other courses that require 
mathematical computations or involve 
mathematical processes. It contains the 
usual logarithmic and _ trigonometric 
tables, up to five places, needed in the 
study of college algebra and trigonometry; 
other numerical tables frequently used 
in computation; and a collection of 
mathematical formulas, integrals and 
series. 
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Moprrn Dinsex Enaine Practice. 
By O. Adams. N.Y., Norman W. Henley 
Publ. Co., 1931. 656 pp., illus., diagrs., 
tables, LO x 6 in., cloth. $6.00.——A de- 
seriptive work, intended primarily for the 
operating engineer and the owner. Special 
attention is given to applications of Diesel 
engines, and to operating and mainte- 


nance practise. Aircraft engines and 
locomotives are included. 
Non - INTERPOLATING LOGARITHMS, 


COLOGARITHMS AND ANTILOGARITHMS. 
By Frederick W. Johnson. San Francisco, 
Simplified Series Publ. Co., 1930. 23 pp., 
tables, 9x6 in., limp cloth, note-book 
edit. $1.60; fabrikoid, $2.25; full leather, 
$4.00 Four-place and five-place loga- 
rithms and antilogarithms, and four-place 
cologarithms can be obtained from these 
tables by inspection, without any caleu- 
lation. The tables are very compactly 
printed, in clear type, on substantial 
paper, and are thumb indexed. Additional 
tables of constants, metric conversion 
factors and other frequently used data 
are included. 


Pocket-Book or ExecrricaL RULES 
AND TasLEs. By W. R. Cooper and 
R. Appleyard. Phila., J. B. Lippincott, 
1931. 765 pp., illus.,-diagrs., tables, 
7x4 in., cloth. $4.00. A reference 
book giving special attention to electrical 
instruments and measurements, conduc- 
tors, submarine cables, telephony and 
radio, but also treating more briefly of 
electrometallurgy, dynamos, balancers, 
transformers, power-factor improvement 
and illumination. The book has long 
been valued by cable and telegraph engi- 
neers as a practical pocketbook. Various 
specialists have contributed to the re- 
vised edition. 


Rapio Hanpsoox, including Tele- 
vision and Sound Motion Pictures. By 
J. A. Moyer and J. F. Wostrel. N. Y., 
McGraw-Hill Book Co., 1931. 886 pp., 
illus., diagrs., charts, tables, 8x5 in., 
cloth. $5.00. A eoncise but compre- 
hensive reference book for the radio engi- 


neer. The authors have summarized the 
existing data upon radio apparatus, not 
only for telephony and telegraphy, but 
also for industrial power control and 
similar purposes. . 


RADIOELEMENTS AND IsotopEs: Chem- 
ical Forces and Optical Properties of 
Substances. By K. Fajans. N. Y., 
MeGraw-Hill Book Co., 1931. 125 pp., 
diagrs., charts, tables, 9x 6in., cloth. 
$2.50.——A review of the researches of 
the author and others upon the nature of 
chemical forces and the relation of these 
forces to the optical properties of atomic 
and erystal structures. The book is based 
upon the author’s lectures at Cornell Uni- 
versity during 1930. 


Soe Dee LiAnDEOOKwE 1931 editr 
Society of Automotive Engineers, N. Y. 
752 pp., diagrs., charts, tables, 8 x 4 in., 
cloth. $5.00 to non-members. Con- 
tains the standards and recommended 
practises of the Society, revised to March, 
1931. ' 


SranparD Wiring for Electric Light 
and Power, 1931. By H.C. Cushing, Jr. 
role lony LLC. Cuislonnnyer Joe. ING VG, IG Bil. 
503 pp., illus., diagrs., tables, 7 x 4 in., 
leather, $3.00. The new edition of this 
well-known handbook has been thor- 
oughly revised to represent the latest 
approved practise. Specifie directions 
are given for wiring for all ordinary pur- 
poses, for installing motors, generators 
and storage batteries, and for lighting. 


VERGROSSERUNG DER HFFEKTIVEN 
H6HE von FLUGZEUGSCHLEPPANTENNEN. 
(Luftfahrtforschung Bd. 8, s. 141-154, 
Heft 6, 3 Marz 1931.) By F. Hisner, 
G. Sudeck, R. Schréer and O. Zinke. 
Miinchen, R. Oldenbourg, 1931.  Illus., 
diagrs., tables, 12 x 8 in., paper, 2,80 r. m. 
Reports the results of an investiga- 
tion of the efficiency of trailing antennas 
for aircraft radio stations and describes 
an improved L-shaped antenna. 


List or ALLOYS wiTH PHYSICAL 
Properties oF Typican Autoys. By 


W. Campbell. Phila., American Society 
for Testing Materials, 1930. 65 pp., 
9 x Gin., paper, $1.50; cloth, $2.00. Over 
2,500 alloys are represented. These are 
mostly non-ferrous alloys, but certain 
non-corrosive and heat-resistant iron 
alloys are included. The composition of 
each alloy is given and, in some cases, 
the physical properties. 


Prrsonnet Prosuems. Methods of 
Analysis and Control. By F. E. Baridon 
and f. H. Loomis. N. Y., MeGraw-Hill 
Book Co., 1931. 452 pp., diagrs., charts, 
tables, 9x6 in., cloth. $5.00. In- 
tended as guide in the study and solution 
of these problems. The questions that 
constantly arise under modern industrial 
conditions are outlined specifically, and 
methods for their analysis and control 
are suggested. 


ENGINEERING SOCIETIES 
LIBRARY 


29 West 39th Street, New York, N. Y. 


AINTAINED as a public reference 
library of engineering and the allied 
sciences, this library is a cooperative activ- 
ity of the national societies of civil, elec- 
trical, mechanical, and mining engineers. 


Resources of the library are available 
also to those unable to visit it in person. 
Lists of references, copies or translation 
of articles, and similar assistance may be 
obtained upon written application, sub- 
ject only to charges sufficient to cover the 
cost of the work required. 


A collection of modern technical books 
is available to any member residing in 
North America at a rental rate of five 
cents per day per volume, plus trans- 
portation charges. 


Many other services are obtainable and 
an inquiry to the director of the library 
will bring information concerning them. 
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Selected Items From 


Engineering Index Service 


Sica references to current 
electrical engineering articles from 
Engineering Index Service’s review 
of some 1,800 technical periodicals are 
given in the following columns. 

All articles indexed are on file in the 
Engineering Societies Library, New York, 
which will furnish photoprints of any 
article at a cost of 25 cents per page or 
make translation of foreign articles at 
cost. 


Boilers 


ELECTRIC. Packed Heat froma New Type 
of Electric Steam Generator, H. Bidwell and 
L. H. Jones. Indus. and Eng. Chem., vol. 23, 
no. 3, Mar. 1931, pp. 298-300, 2 figs. Descrip- 
tion of generator suitable for hospital sterilizers, 
pressure cooking retorts or industrial processes 
where large amount of steam is required for 
short time which has reservoir properly located 
between high- and low-water levels which serves 
as source of energy, so that pressure from boiler 
is immediately available when required. 


Cables 


FAULT LOCATION. Service d’études et 
de recherches techniques (Study of Underground 
Conductors and their Failures). Annales des 
Postes Télegraphes et Télephones, vol. 20, no. 2, 
Feb. 1931, pp. 153-160, 8 figs. By running 
telephone frequencies through cable and by 
using loop operated amplifier, course of cable 
or of single conductor in group of conductors 
and various types of faults and insulation 
troubles can be detected. 


HIGH TENSION. Elektrische Arbeitsue- 
bertragung durch Hochspannungskabel (Elec- 
tric Power Transmission Through High-Voltage 
Cables), J. Kuehle. £lektrotechnische Zeit., vol. 
52, no.-12, Mar. 19, 1931, pp. 373-377, 15 figs. 
Comparison between operating characteristics 
of cable and overhead lines; advantages and 
disadvantages of both systems shown by 
numerical comparison; three-conductor and 
single-conductor cables in three-phase system; 
lead sheath losses and process in dielectrics. 


LEAD SHEATHING. Kristallgefuege und 
Disglomeration des Bleies (Crystaline Structure 
and Disglomeration of Lead), O. MHaehnel. 
Elektrische Nachrichten Technik, vol. 8, no. 2, 
Feb. 1931, pp. 77-88, 16 figs. Metallographic 
measurement of crystallite grain of pure lead 
yield mean diameter of 8 mm. being largest 
crystallites which ever have been observed in 
cast lead cooled in manner as described; all lead 
drawn from cable lead presses has much smaller 
crystallites; grain in cable press is determined by 
operating temperature and working pressure. 


METAL SHEATHED. De la préférence a 
donner aux alliages plomb-antimoine, plomb- 
antimoine cadmium sur le plomb pur dans la 
fabrication des gaines de cables électriques et 
téléphoniques (Superiority of Lead-Antimony, 
Lead-Antimony-Cadmium over Pure Lead in 
Manufacture of Sheathing for Electric and 
Telephone Cables), H. Godin. Revue Universelle 
des Mines, vol. 5, no. 4, Feb. 15, 1931, pp. 106- 
109, 1 fig. Failure of cable sheaths without 
apparent cause; results of analyses of failure by 
Archbutt and Radwdon; means of avoiding 
intercrystalline failures of cable sheaths. 


POTHEADS. Die bisherige Entwicklung 
der Kabelendverschluesse ohne Vergussmasse 
(Present Development of Cable Potheads With- 
out Dilling Compound), E. Eule. Siemens 
Zeit., vol. 11, no. 2, Feb. 1931, pp. 95-102, 20 
figs. Equipment of Siemens and Schuckert, 
its features, application ‘and installation are 
described. 


STANDARDS. Standard Color Code for 
Control Cable, G. Sutherland. Power Plant 
Eng., vol. 35, no. 7, Apr. 1, 1931, pp. 413-414. 
Color scheme prepared by joint committee of 
N.E.L.A. and N.E.M.A. following extensive 
review of questionnaires sent to 26 leading 
American utility companies and survey of 
field tests conducted by joint committee; 
standard color scheme table for control cable. 


TELEPHONE—LIGHTNING. Blitzsch- 
laege in Fernkabelanlagen (Lightning Strokes in 


464 


Long Distance Telephone Cables), P. Klein- 
steuber. Telegraphen und Fernsprech Technik, 
vol. 20, no. 2, Feb. 1931, pp. 48-50, 5 figs. 
Various typical cases and their analysis. 


Circuit Breakers 


OIL. New Ironclad Switchgear. Engineer, 
vol. 151, no. 3925, Apr. 3, 1931, p. 386, 2 figs. 
Following success of ‘‘T A P” circuit breaker by 
Crompton-Parkinson, Ltd., of Chelmsford, firm 
has designed metal-clad oil circuit breaker on 
somewhat similar lines; unit is made for cur- 
rents up to 300 amperes at 3,300 volts, or 600 
amperes at 650 volts for three- or four-wire 
circuits, and can be used singly or number of 
units can be made to form switchboard. 


Circuits 


VECTOR ANALYSIS. Mechanical Aids in 
the Construction of Vector Diagrams, B. S. 
Willis. Gen. Elec. Rev., vol. 34, no. 4, Apr. 
1931, pp. 224-227, 6 figs. Numerical solutions 
combined with graphical representations; vari- 
ous examples from electric circuit practise are 
given. 


Compensators 


Détermination d’un groupe formé par un 
transformateur a trois enroulements et un 
compensateur synchrone (Determination of 
System Formed by Three Winding Trans- 
former and Synchronous Compensator), F. 
Hallopeau. _ Revue Générale de I’ Llectricité, vol. 
29, no. 9, Feb. 28, 1931, pp. 338-348, 9 figs. 
Power calculation of compensator connected to 
network by means of transformer as outlined; 
mathematical and graphical solution; vector 
diagrams of transformer. 


Condensers 


STATIC. Les condensateurs statiques et 
lV’amélioration du facteur de puissance (Static. 
Condensers and Improvements of Power 
Factor), Science et Industrie, vol. 15, no. 205, 
Feb. 1931, pp. 88-92, 11 figs. Problem; electric 
rates; determination of corrective capacity in 
kva. for given installation; various solutions; 
comparison between condensers and synchro- 
nous motors; electric condenser as accepted 
electric equipment. 


TESTING. Bemerkungen zur Pruefung von 
Kondensator-Durchfuehrungen (Remarks on 
Testing of Condenser Bushings), L. Kumlik. 
Elektrizitaetswirtschaft, vol. 30, no. 6, Mar. 1931, 
pp. 171-172. Manufacture is started by other 
hard paper plants since’ exhaustion of Nagel 
patents; as these have no previous experience 
critical analysis is given of usual testing method 
from which conclusions may be drawn as to 
quality of product. 


Conduits 


UNDERGROUND. Expérience d’un nou- 
veau procédé de construction des conduites 
multitubularies sans joint}(Test of New Process of 
Construction of Multi-Duct Jointless Conduits), 
M.Moineand L. Daumard. Annales des Postes 
Télégraphes et Téléphones, vol. 20, no. 3, Mar. 
1931, pp. 173-192, 12 figs. Description of 
Cravetto design, tested in Nice, France; design 
calls for reinforced-concrete monolith blocks 
containing as many as 12 parallel circular ducts 
10 cm. in diameter. 


Contactors 


A Periodic Contactor Operated by a Neon- 
Tube Oscillator, H. J. Reich. Rev. Sci. Instru- 
ments, vol. 2, no. 3, Mar. 1931, pp. 164-170, 
5 figs. Simple device, capable of closing circuit 
periodically at any desired frequency and hold- 
ing it close for any desired fraction of cycle, 
finds frequent use as laboratory or lecture 
demonstration apparatus; writer had occasion 
to design such instrument, in which timing 
device was neon-tube oscillator; reliability and 
general usefulness of this device during almost 
year; design and constructionah details. 


Discharge 


ELECTRODELESS. Sur un nouvel aspect 
de la décharge en haute fréquence (New Phe- 
nomenon in Electrodeless Discharge), M. Chenot. 


Académie des Sciences—Comptes Rendus, Vol. 
192, no. 1, Jan. 5, 1931, pp. 38-40; see also brief 
translated abstract in Experimental Wireless, 
vol. 8, no. 90, Mar. 1931, p. 166. Experiments 
on electrodeless discharge obtained with 3.4- 
m. waves led to appearance of series of station- 
ary waves which indicate wave propagation 
along tube at velocity between 3 and_5 per cent 
of velocity of light; author had previously sug- 
gested that long-delay radio echoes may be due 
to such propagation at greatly reduced velocities. 


Education 


ENGINEERING. Report of 1930 Survey of 
Engineering Education, F. L. Bishop. Jl. Eng. 
Education, vol. 21, no. 7, Mar. 1931, pp. 1-77. 
Survey to secure measure of progress which 
had been made in engineering education in each 
institution. 


Electric Drive 


ROLLING MILLS. Large Rolling vi 
Motor. Elec. Times, vol. 79, no. 2056, Mar. 
19, 1931, p. 527, 2 figs. At present time there 
is large rolling mill motor on test bed at Stafford 
works of English Electric Co., for replacing 
existing steam engine driving 27-in. three-stand 
reversing mill at Brown Bayley’s Sheffield 
works; it operates on form of Ward-Leonard 
Ilgner system and comprises main driving 
motor, flywheel motor generator set, three 
exciters, slip regulator and necessary control; 
continuous r. m.s. capacity b.hp. at 30 r. p. m. 
is 1980; speed range at constant torque, r. p. m. 
is plus minus 0/30; speed range at reduced 
torque, r. p.m. is plus 30/70; armature, volts 
is 536. 


PAPER AND PULP MILLS. Synchronous 
Motors in the Paper Industry, D. R. Shoults. 
Paper Trade Jl., vol. 92, no. 13, Mar. 26, 1931, 
pp. 47-50, 3 figs. Advantageous features of 
synchronous motor drive in paper industry; 
Korndorffer method; automatic control; pulp 
grinder drives; Jordon and beater drives; 
pumps, air compressors and screens; chipper 
drive. Before Tech. Assn. of Pulp and Paper 
Industry. See similar article by author, 
‘‘Blectrical Developments,’’ previously indexed 
from Paper Mill, Jan. 3, 1931, under heading, 
Paper and Pulp Mills—Electric Equipment. 


Electric Lines 


HIGH TENSION GROUNDING. Umfas- 
sende Erdungsanlage in eimen 380/220 V 
Verteilnetz (Extensive Grounding Installation 
in 380/220 Volt Distribution Network), C. 
Richard. Assn. Suisse des Electriciens—Bul. 
vol, 22, no. 7, Apr. 3, 1931, pp. 166-170, 10 figs. 
Possibilities available for decrease of ground 
voltage in case of disturbance; method applied 
to this purpose in Bassecourt, control test by 
which it was shown that for all cases of ground- 
ing no ground voltages over 50 ky. occurred. 


RELAYS. Theory and Application of Relay 
Systems Low Voltage Transmission Lines—I, 
P. H. Robinson and I. T. Monseth. Elec. Jl., 
vol. 28, no. 4, Apr. 1931, pp. 231-237, 17 figs. 
Three principal types of low-voltage circuits, 
namely, radial, parallel feeder, and loop systems 
each require different scheme of relay protection; 
no detailed study of short-circuit values is 
ordinarily required for simple radial system, 
and ordinary over-current relays may be used; 
with paralle! feeders, selective-differential cur- 
rent relays can be applied at generating station 
end of line, and at substation end, directional 
over-current relays may be applied; application 
of relays to loop systems; selective timing of 
relays. 


RURAL — LIGHTNING. La _ protection 
contre la foudre des réseaux de distribution 
d’énergie électrique 4 basse tension (Protection 
Against Lightning of Low Voltage Electric 
Power Distribution Networks), C. Ledoux. 
Revue Générale de lI’ Electricité, vol. 29, no. 12, 
Mar. 21, 1931, pp. 467-476, 10 figs. Results of 
recent investigation have shown that with 
increasing rural electrification, number of cases 
of lightning stroke have actually increased; 
Dauzére together with author have traced rela- 
tion between geological nature of soil and fre- 
quency with which strokes occur; solutions 
proposed by P. Juppont and C. Dauzére are 
examined. 


Electrolytes 


Les Electrolytes Forts (Strong Electrolytes), 
R. Dufour. Societe Francaise des Electriciens— 
Bul., vol. 1, no. 2, Feb. 1931, pp. 128-139, 1 fig. 
Consequences of theory of Debye with regard. 
to conductibility are set forth. 


Elevators 
ELECTRIC. Elevator Installation and the 
General Building Contractor. Gen. Bldg. Con- 


tractor, vol. 2, no. 3, Mar. 1931, pp. 61-68, 6 figs. 
Method for computing elevator requirements; 
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typical elevator layout with overhead machin- 
ery; power panel and sizes of conduits; parts and 
devices that may have to be installed on modern 
high-speed elevator; tabulation of items. 


DESIGN. Tells of Elevator Engineering 
Progress, J. Sozansky. Power House, vol. 25, 
no. 3, Mar. 1931, p. 52. Historical review of 
electric elevator developments;  self-leveling 
type; operatorless cars; wasted rentable space. 
Before Montreal District Engins.’ Assn. 


Frequency 


MEASUREMENTS. Ueber die Messung 


' sehr kleiner Frequenzen und ihre Anwendung 


fuer Fernmessungen (Measurements of Very 
Low Frequencies and Their Application for 
Remote Measurement), E. Hudec. Elektro- 
technische Zeit., vol. 52, no. 12, Mar. 19, 1931, 
pp. 380-385, 10 figs. Impulse frequency 
method; use of ballistic instruments; generation 
of nearly constant current by means of condenser 
choke arrangement; decreasing crest intervals 
through repeated smoothening; repeated switch- 
ing of short-circuited cable, use of filters, etc. 


Furnaces 


_ ANNEALING. Electrically Heated Anneal- 
ing Furnaces, J. C. Woodson. Heat Treating 
and Forging, vol. 17, no. 3, Mar. 1931, pp. 285- 
288 and 291, 7 figs. Progress in design and 
application of annealing furnaces for ferrous and 
non-ferrous metals; economies for casting 
annealing runs from 8 to 15 lb. per kw-hr.; 
temperatures range from 950 to 1,650 deg. fahr., 
for carbon steel and to 1,950 deg. fahr. for 
manganese steel. 


CALCIUM CARBIDE. La nouvelle usine 
a carbure et cyanamide de wingles (New Car- 
bide and Cyanamide Plant of Wingles), R. 
Sevin. Jl. du Four Electriques, vol. 40, no. 2, 
Feb. 1931, pp. 51-58, 10 figs. List of plants in 
Europe and United States giving types and 
capacity of electric furnaces; detailed descrip- 
tion of plant of Société des Mines de Lens, 
containing 2 lime kilns of 60 tons; carbide plant 
and 2 Miquet electric furnaces of 6,000 kw.; 
and their control. 


INDUCTION. Tonnage Melting by Core- 
less Induction, E. F. Northrup. Fuels and 
Furnaces, vol. 9, no. 4, Apr. 1931, pp. 473-478, 
7 figs. First of series covering fundamental 
principles of operation and construction of core- 
less induction furnace as applied to tonnage 
melting; development of high-frequency core- 
less-induction furnace; power requirements and 
sizes of furnaces and features of construction. 
(To be continued.) 


‘MELTING. The Russ Induction Furnace. 
Engineering, vol. 131, no. 3404, Apr. 10, 1931, 
p. 497, 3 figs. Furnace manufactured by 
Industrie Elektro-Ofen G. m. b. H., Cologne, 
has normal capacity of 600 kg. and is capable of 
dealing with all types of non-ferrous metals; 
important feature is that furnace can be sup- 
plied from ordinary mains through Scott- 
connected transformer. 


REFRACTORY MATERIALS. Refractory 
Materials for Electric Furnaces—I, A. B. 
Searle. Metal Industry (Lond.), vol. 38, no. 13, 
Mar. 27, 1931, pp. 333-335. Copper and its 
alloys, including bronze, gun metal, brass, 
copper-nickel, and phosphor-bronze; refining 
furnaces; lining; use of magnesia; bricks for 
lining; crucibles; roof; annealing furnaces. 


Fuses 


HIGH TENSION. Die neue Hockspan- 
nungs-Hochleistungsicherung (H-H-Sicherung) 
der SSW. (New High Tension High Capacity 
Fuse of Siemens Shuckert Company-(H. . 
Type Fuse), H. Laepple. Siemens Zeit., 
vol. 11, no. 2, Feb. 1931, pp. 65-70, 9 figs. 
New design of which fusing capacity is so high 
that they may be applied directly for short 
circuit protection of transformers and line taps, 
without use of reactors or resistances. 


Generators 
AUTOMOBILES. Electric Lighting Equip- 
ment, H. Cousins. Automobile Engr., vol. 


21, no. 278, Mar. 1931, pp. 100-106, 26 figs. 
Design and operation of various types of 
dynamos; functioning of regulators with partic- 
ular regard to consideration of service require- 


ments and reliability; diagrams illustrate 
C.A.V., Scintilla, and Bosch compensated 
voltage control system. 

COILS. The Importance of Accurately 


Wound Field Coils, J. C. de la Rosa. Elec. 
News, vol. 40, no. 6, Mar. 15, 1931, pp. 57-58, 
1 fig. By rewinding each of 12 field coils of 
rotary to standard equivalent resistance spark- 
ing was completely eliminated. 


JUNE 1931 


Heating 
Industrial Applications of Electric Heat, 
L. M. Jenks. Elec. Specifications, vol. 3, no. 


4, Apr. 1931, pp. 12-13, and 45, 4 figs. Last 
10 years have brought development and per- 
fection of so many new and unusual electric 
heating devices that it seems nothing is impossi- 
ble; primarily, it may be said that electricity 
makes better product at lower cost; labor 
item should receive special consideration where 
product is to be machined or polished after 
heating process. 


BUILDINGS. The Electric Heating of 


Buildings. Engineering, vol. 131, no. 3402, 
Mar. 27, 1931, p. 415. Review of two papers 
read before Institution of Civil Engineers and 
Institution of Electrical Engineers, respectively; 
ATst. bys: . Saunders and W . Swale, 
describes results obtained from electric thermal 
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storage as applied to building heating; includes 
list of 22 such installations in Great Britain; 
second paper, by T. J. Illingworth, deals with 
economic application of electricity to space 
heating by all principal systems, and examines 
several sources of loss of which account must be 
taken in making comparison between different 
systems. 


The Electrical Heating of Buildings, R. Grier- 
son. Instn. Elec. Engrs — Advance Paper, Mar. 
2, 1931, 48 pp., 21 figs. Types of electric warming 
equipment; general details and considerations; 
ascertained monthly cost of continuous electric 
warming of individual rooms in Central London; 
graph showing estimated and actual weekly 
consumption for 20-kw. low-temperature ceiling- 
panel installation; graph connecting mean tem- 
perature-rise and weekly consumption for 20-kw. 
low-temperature ceiling-panel installation; data 
relating to thermal-storage installations; data re- 
lating to direct electric heating installations, etc. 


Hoists 


MOTORS. Application of Two-Speed In- 
duction Motors to Monorail Electric Hoists, 


C. E. Schirmer. Am. Soc. Mech. Engrs.— 
Advance Paper, for mtg. Apr. 13-18, 1931, 2 pp. 
Use of two-speed squirrel cage induction motors 
upon monorail hoists has been neglected until 
recently, and since use of such motors bestows 
worth while operating characteristics to such 
hoists at low cost, their more frequent use for 
such service is assured; chart showing actual 
speeds for various loads S-1 1-ton 2-speed 
Robbins & Myers electric hoist. 


Hydroelectric 

AUTOMATIC POWER PLANTS. Fully 
Automatic Hydro Power Plant, P. J. Croft, 
J. R. Desloover and D. Hutchison. Can. 
Engr., vol. 60, no. 10, Mar. 10, 1931, pp. 


11-14, 6 figs. Operation of electrical equipment 
at Upper Notch Plant of Northern Ontario 
Power Co.; equipment consists of two 48-ft. 
head, 6,500-hp., 125-r. p. m. hydraulic turbines 
direct connected to two 6,500-kva., 11,000-volt, 
25-cycle generators; fully automatic control 
and switching equipment designed for possi- 
ble remote control from distant supervisory 
plant; metal-clad switchgear; four 4,500-kva., 
11,000 /110,000-volt, 25-cycle transformers. 


13,000-hp. Fully Automatic Hydroelectric 
Plant, P. J. Croft, D. H. Hutchison and J. R. 
Desloover. Elec. News, vol. 40, no. 6, Mar. 15, 
1931, pp. 39-42 and 48, 7 figs. Upper Notch 
plant of Northern Ontario Power Co., situated 
on Montreal River 12 mi. south of Cobalt in 
heart of Canada’s greatest mining district, is 
one of Canada’s largest fully automatic hydro- 
electric generating stations and represents latest 
practise in this type of control; it contains two 
6,500-kva. 11,000-volt, 25-cycle generators, two 
48-ft. head, 6,500-hp. 125-r. p. m. turbines, with 
fully automatic control. 


POWER PLANT EFFICIENCY. Auto- 
matic Hydro Plant Economy Proved by Experi- 
ence, J. M. Gaylord. Elec. World, vol. 97, 
no. 12, Mar. 21, 1931, pp. 532-535, 4 figs. 
Program of rehabilitation of smaller hydro- 
electric plants, which has resulted in 17 of these 
plants being made automatic or semi-automatic 
by Southern California Edison Co., Ltd., since 
1919; 11 years’ experience in operation of semi- 
automatic plants on system has demonstrated 
very definite savings in operating labor; under 
manual operation 17 plants required 77 opera- 
tors while with automatic operation 33 operators 
are employed; reduced labor cost and housing 
expense amount to 57 per cent and turnover to 
66 per cent; plants pay for themselves in 5% 
years. 


Hysteresis 


Recherches sur la thermodynamique de 
l’Hystérésis (Studies on the Thermodynamics 
of Hysteresis), A. Guilbert. Societé Francaise 
des Electriciens—Bul., vol. 1, no. 2, Feb. 1931, 
pp. 175-202, 11 figs. Experimental verification 
of theory expounded in Revue Générale d’Elec- 
tricité of Jan. 5, 1929, indexed in Engineering 
Index 1929, p. 970. 


Industrial Plants 


PURCHASED VS. GENERATED POWER. 
Was darf die Kilowattstunde kosten? (Permissi- 
ble Cost of Kilowatt Hour; Diesel Engine vs. 
Electric Motor), K. Dolzmann. Elektrizitaets- 
wirtschaft, vol. 30, no. 6, Mar. 1931, pp. 149- 
157, 13 figs. General viewpoints for decision 
in problems of purchase of electric power or 
generation in own plant are discussed for small 
and average plants; factors and possibilities to 
be considered in valuation of Diesel engine and 
electric motors for this type of plant are ana- 
lyzed; all necessary data for both types are given. 


Insulating Oil 


CARBON BLACK EFFECT. Effect of 
Carbon Black on Insulating Oils, W. B. Wie- 
gand, C. R. Boggs and D. W. Kitchin. Indus. 
and Eng. Chem., vol. 23, no. 3, Mar. 19381, 
pp. 273-276, 6 figs. Series of experiments 
designed to illustrate mechanism of action of 
carbon black is described; results indicate that 
action is one of removing moisture and/or 
electrolytes; brief summary of other methods 
for treating new and used insulating oils and of 
more important literature. 


DIELECTRIC LOSSES. _Dielektrische Ver- 
luste in Oelen (Dielectric Losses in Oils), A. 
Gemant, Zeit. fuer. Technische Physik, vol. 11, 
no. 12, Dec. 1930, pp. 544-545. Proof that 
losses in oil at low frequencies are due to different 
process (Wagner effect) from that causing them 
at high frequencies (Debye effect). 


Lamps 


Urges Large Lamps in Modern Illumination, 
. M. Samuels. Elec. World, vol. 97, no. 13, 
Mar. 28, 1931, pp. 595-597, 1 fig. One peculiar 
feature has established itself in whole develop- 
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ment of modern lighting equipment; it is so 
persistent and so objectionable that it seems 
necessary to discuss it in detail; getting away 
from candles and round bulbs, modern units 
appear principally in form of flat glass over very 
shallow fixtures or long glass panels or metal 
panels likewise on very shallow fixtures, all 
requiring long tubular lamps. Before Illum. 
Eng. Soc. 


GLOW. Neue Gasentladungslichtquellen 
(Novel Gas Discharge Sources of Illumination), 
M. Pirani. Lichttechnik (Supp. to Elektrotech- 
nik u. Maschinenbau), vol. 8, no. 1, Mar. 15, 
1931, pp. 1-3, 2 figs. New types in which many 
of disadvantages of previous types have been 
overcome; they are manufactured in two types, 
one with excitation in negative glow light used 
for television and similar purposes and high- 
capacity tubes with excitation in positive 
column; efficiency is 15 to 20 per cent. 


Light and Lighting 


Moderne Beleuchtungsarten und Leuchten, 
ihre Anwendung, Anlage und Wirtschaftlichkeit 
(Modern Methods of Lighting and Equipment, 
Their Application, Installation and Economy), 
G. Herkt. Deutsche Bauzeitung, vol. 65, no. 
11-12, Feb. 4, 1931, pp. 29-36, 48 figs. Object 
and light intensity; room lighting and color; 
table showing light intensities for various rooms 
and locations; outside lighting; various samples 
of modern interior and exterior lighting; show 
window, indoor lighting, etc. 


Foot-Candle Effectiveness a Measure for 
Illumination, M. Luckiesh. Elec. World, vol. 
97, no. 12, Mar. 21, 1931, pp. 553-554. Reason- 
ableness of demand for 10-ft. candles for visual 
work of this type may be tested; visibility of 
letters in telephone directory with letters of 
same size printed on fine book-paper with deep 
black ink are compared in table. 


FILTERS. Filters for the Reproduction of 
Sunlight and Daylight and the Determination 
of Color Temperature, R. Davis and K. S. 
Gibson. U. S. Bur. Standards—Miscellaneous 
Pubs nO” W4 Jane 2, 1930, 165 pps, wl figs: 
Spectral energy distributions; component mate- 
rials of filters; methods of computation; use of 
filters; spectrophotometric data; examination 
and trial of completed filters; preparation of 
Davis-Gibson filters. Bibliography. 


VISUAL EFFICIENCY. Visual Perform- 
ance Under Daylight, Incandescent, Mercury 
Vapor, and their Mixtures, K. Y. Tang. Jllum. 
Eng. Soc.—Trans., vol. 26, no. 3, Mar. 1931, 
pp. 258-274, 6 figs. partly on supp. plates. 
Rapidity with which detail of test object could 
be perceived, using, at same levels, usual light 
sources, alone and in combination; illumination 
levels studied were 5- 10- and 20-ft. candles in 
test object; each kind of light was used sep- 
arately at all three intensities, and combinations 
of two and three kinds in equal amounts were 
also used at all three levels. 


Lightning 

CONDUCTORS. Lynafledere (Lighting 
Erector), L. Ernst. Elektroteknikeren, vol. 27, 
no. 4, Feb. 22, 1931, pp. 67-79, 12 figs. Study 
of proper layout and wiring of conductors for 
all types of buildings; importance of factor 
controlling action of lightning conductor such 
as dimensions of building and magerials, geo- 
logical factors, etc. 


Materials Handling 


MANUFACTURING PLANTS. Material 
Handling in Mass Production at the General 
Electric Plant, H. C. Rundle. Am. Soc. Mech. 
Engrs.—Advance Paper, for mtg. Apr. 13-17, 
1931, 5 pp. Conveyor system used throughout 
various buildings where refrigerators are made 
at General Electric Co., has eliminated conges- 
tion, retracing of material routes, delays in 
schedule, spoilage of materials, and maintenance 
and replacement of industrial trucks; conveyor 
serves as traveling stockroom, thus releasing 
floor space for use in manufacturing operations. 


Measurements 


ALTERNATING-CURRENT. A New 
Series of Alternating Current Instruments. 
World Power, vol. 15, no. 87, Mar. 1931, pp. 
199-201, 4 figs. Alternating current measure- 
ments have long been at disadvantage as 
compared with direct-current measurement; 
perfection, during last few years, of dry copper- 
oxide rectifier has put a-c. testing on different 
basis; design and operation of rectifier operated 
instrument. 


Metering 


THREE-PHASE. The Metering of Three- 
Phase Supplies, O. Howarth. Jnstn. Elec. 
Engrs.—Jl., vol. 69, no. 411, Mar. 1931, pp. 
381-393 and (discussion) 393-403, 15 figs. 
Development of electricity supply during recent 
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years has resulted in complexity in metering of 
three-phase supplies and has confronted meter 
engineer with task of achieving accuracy under 
difficult conditions; large bulk supplies are most 
complex and demand high standard of accuracy 
for commercial reasons; each additional com- 
plexity introduces additional source of error 
and paper deals with inaccuracies introduced by 
auxiliary apparatus and special equipment. 


Motors — 


LOADS. Motors for High-Inertia Loads— 
II, R. E. Emerson. Indus. Eng., vol. 89, no. 3, 
Mar. 1931, pp. 130-132, 2 figs. Consideration 
of energy stored in flywheel; use of high inertia 
in flywheels for handling peak loads while 
motor runs at full-speed. 


MAINTENANCE AND REPAIR. Electric 
Motor Operation and Maintenance—IlI, G. H. 
Emerson. Power Plant Eng., vol. 35, no. 7, 
Apr. 1, 1931, pp. 423-425. Methods of pro- 
cedure in determining condition of machines; 
instruments used; overhauling and repair. 


STARTING. Un nouveau démarreur auto- 
matique pour moteurs électriques (New Auto- 
matic Starter for Electric Motors). Science et 
Industrie, vol. 15, no. 205, Feb. 1931, pp. 85-87 
and 92, 3 figs. New electrolytic starter of Rene 
Planchi Co. in Villefrance sur Saone is described; 
advantages and field of application are outlined. 


TESTING. Tests of Rotating Electrical 
Apparatus for Electrical Characteristics, A. C. 
Roe. Power Plant Eng., vol. 35, no. 6, Mar. 
15, 1931, pp. 372-373. Practical discussion of 
proper imethods to be employed in electric 
motor tests. 


RAILROAD. Field Shunting and Modern 
Motor Design, L. B. Hewitt. Elec. Ry. Bus 
and Tram J1., vol. 64, no. 1596, Mar. 13, 1931, 
pp. 141-143, 3 figs. Metropolitan Electric Tram- 
ways carried out experiments several years ago, 
on their 40-hp. non-interpole motors, using field 
shunting with object of increasing top speed and 
improving acceleration; this was arranged by 
means of contactor which was energized on last 
notch of controller, but under control of specially 
designed relay which automatically prevented 
shunting coming into operations if conditions 
were such that current would rise above pre- 
determined amount. 


Comparaison du couplage série-paralléle et 
du couplage série permanent des moteurs 
compound dans les systemes 4 récupération 
(Comparison of Series-Parallel and of Permanent 
Series Coupling of Compound Motors in 
Regenerative Systems), F. Guery. Revue 
Générale de lI’ Electricité, vol. 29, no. 10, Mar. 7, 
1931, pp. 381-385, 3 figs. Comparison of sys- 
tems of Bacqueyrisse and Liévre: study has 
bearing upon essential characteristics of motors 
and regarded from standpoint of dimensions, 
all other conditions remaining same; author 
points to importance of losses in series parallel 
system. 


Networks 


Fundamentals of the Medium Voltage Net- 
work, D. K. Blake. Gen. Elec. Rev., vol. 34, no. 
4, Apr. 1931, pp. 210-217, 17 figs. Modern a-c. 
low-voltage 120/208-volt network has brought 
out substantial economies, simplification, flexi- 
bility, and standardization involved in network 
principle; it is not generally recognized that 
network principle is applicable at medium 
voltage (4,000 volts) to residential and indus- 
trial areas having very low densities. 


MAINTENANCE AND REPAIR. De lor- 
ganisation du controle permanent de la con- 
struction et de l’exploitation d’un réseau rural 
de distribution d’energie électrique (System 
for Permanent Supervision, Construction and 
Exploitation of Rural Distribution Network), 
L. Melot. Revue Générale de I’ Electricité, vol. 
29, no. 11, Mar. 14, 1931, pp. 429-437, 4 figs. 
Simple schematic and accurate number identifi- 
cation and index scheme for repairs, extensions, 
etc. for network system in continuous process of 
development; method has been successfully 
applied by author on networks of Loir-et-Cher 
district. 


Ohmmeters 


Ein neues Megohmmeter (New Megger), W. 
Jaekel. V. D. JI. Zeit., vol. 75, no. 11, Mar. 14, 
1931, p. 316, 2 figs. New type of Siemens and 
Halske for measurement of insulating resistances 
of machinery equipment and cables up to many 
thousands of megohms; easy handling is featured. 


Permeameters 


TESTING. A Method for the Standardiza- 
tion of Permeameters at High Magnetizing 
Forces, R. L. Sanford. U.S. Bur. Standards— 
Jl. Research, vol. 6, no. 3, Mar. 1931, pp. 355- 
362, 6 figs. Apparatus suitable for testing of 
standard magnetic test bars to be used for 
standardization of magnetic permeameters with 
high magnetizing forces; criterion is given for 


determining when accurate values have been 
obtained; attention is called to necessity that 
standards shall be magnetically uniform. 


Photoelectric Cells 


Photoelectric Tube Increasingly Applied in 
Industry, J. W. Marshall. Jron Age, vol. 127, 
no. 13, Mar. 26, 1931, pp. 1012-1013, and 1067- 
1068, 3 figs. Operation principles and industrial 
application including application to problem of 
packaging machine design. 


Construction, Operation and Characteristics 
of Photoelectric Tubes, L. R. Koller. West. 
Soc. Engrs.—Jl., vol. 36, no. 1, Feb. 1931, pp. 
15-25, 15 figs. Guide to intelligent selection to 
accomplish desired results. 


Power Factor 


Power Factor Correction in Industry, J. 
Murray. Blast Furnace and Steel Plant, vol. 19, 
no. 4, Apr. 1931, pp. 560-563, 8 figs. Simple 
method and equipment for power-factor correc- 
tion in industrial plants. 


Radio 


AERIAL COMMUNICATION. European 
Aviation Radio, G. Gross. Inst. Radio 
Engrs.—FProc., vol. 19, no. 3, Mar. 1931, pp. 
341-350 and (discussion) 351-352, 15 figs. 
Observations made on inspection trip over major 
European airways; aviation radio in Hurope 
differs from aviation radio in United States 
in prevalent use of intermediate frequencies 
exclusively; it may be divided into communica- 
tion from ground to plane and plane to ground; 
point-to-point communications in connection 
with traffic dispatching of aircraft; meteoro- 
logical communication relating to safe flying 
conditions. 


BROADCASTING. Ten Years of Broad- 
casting, C. W. Horn. Inst. Radio Engrs.— 
Proc., vol. 19, no. 3, Mar. 1931, pp. 356-376, 15 
figs. Salient points in development of broad- 
casting during last decade are reviewed; it is 
shown that further improvement may be ex- 
pected with more extensive introduction of 
higher powered transmitters. 


DETECTORS. Grid Circuit Power Rectifi- 
cation, J. R. Nelson. Jnst. Radio Engrs.— 
Proc., vol. 19, no. 3, Mar. 1931, pp. 489-500, 7 
figs. Grid circuit power rectification is investi- 
gated by studying ideal rectifier and applying 
results obtained to case of tube rectifier; 
characteristic curves are used in this study to 
obtain optimum conditions for rectification and 
order of output voltage obtainable; conditions 
for minimum loading of circuit preceding detec- 
tor are discussed. 


ELECTROLYTIC CONDENSERS. Elec- 
trolytic Condensers for Radio Use, F. W. 
Godsey, Jr. Electronics, vol. 2, no. 4, Apr. 
1931, pp. 596-597, 4 figs. Principles, equipment 
and its construction are described; electric and 
performance characteristics are given. 


GENERATOR FREQUENCY. The Design 
of Radio-Frequency Signal Generators, J. R. 
Bird. Inst. Radio Engrs.—Proc., vol. 19, no. 3, 
Mar. 1931, pp. 438-451, 5 figs. Certain factors 
involved in designing signal generators free from 
stray voltage errors are considered; importance 
of accounting for all circuit details, particularly 
of wiring elements, is stressed; impedances of 
certain connections, particularly of output con- 
nections from generator to measured receiver, 
are shown to be important; shielding is con- 
sidered in some detail. 


MEASUREMENTS. Measurement of Resis- 
tance and Impedances at High Frequencies, 
J. W. Labus. Inst. Radio Engrs.—Proc., vol. 
19, no. 3, Mar. 1931, pp. 452-460, 4 figs. It is 
shown that absolute value of unknown impe- 
dance, when put across end of transmission line, 
is simple function of ratio of currents, measured 
at beginning and end of transmission line; 
method has been tested out at wavelength of 21.8 
meters, measuring resistance of number of grid 
leads and of decade box; a-c. resistance was con- 
siderably higher than labeled d-c. value; at same 
time shunted capacity across resistors has been 
measured and value have been obtained, which 
agree with expectations. 


OSCILLATORS, PIEZOELECTRIC. Mea- 
surements of Temperature Coefficient and 
Pressure Coefficient of Quartz Crystal Oscil- 
lators, S. L. Brown and 8. Harris. Rev. Sci. 
Instruments, vol. 2, no. 3, Mar. 1931, pp. 180- 
183, 2 figs. Method of measurement is used 
whereby variation in frequency of high fre- 
quency oscillator can be measured easily to. 
fraction of part in million; audible different tone 
produced by harmonic of constant, high fre- 
quency oscillator and harmonic of second oscil- 
lator is compared to tone of variable, calibrated 
audio frequency oscillator. 


ELECTRICAL ENGINEERING 


OSCILLATION. Oscillation in Tuned 
Radio-Frequency Amplifiers, B. J. Thompson. 
Inst. Radio Engrs.—Proc., vol. 19, no. 3, Mar. 
1931, pp. 421-437, 4 figs. Wide use of screen- 
grid tubes renders understanding of conditions 
for stability of tuned radio-frequency amplifiers 
important; in this paper relation between feed- 
back capacity and other circuit and tube param- 
eters at threshold of instability is computed 
for one, two, three and four stages. 


RESISTANCE. Resonant impedance and 
Effective Series Resistance of High-Frequency 
Parallel Resonant Circuits, H. Iinuma. Inst. 
Radio Engrs.—Proc., vol. 19, no. 3, Mar. 1931, 
pp. 467-478, 11 figs. Example of application 
of method published in same journal, March 
1930, p. 537, ““A method of measuring radio- 
frequency resistance of oscillatory circuit.” 


SHORT WAVE. Radio Communication on 
Very Short Waves. Engineering, vol. 131, no. 
3404, Apr. 10, 1931, pp. 482-483, 7 figs. Experi- 
ments are being made on wavelength of 18 cm. 
by International Telephone and Telegraph 
Laboratories, Inc., of Hendon, and Laboratories 
of ‘Le Matériel Téléphonique,’’ of Paris, between 
St. Margaret’s Bay, near Dover, and Cap 
Blanc, in France; apparatus used for this purpose, 
mainly developed by French engineers, consists 
of terminal equipment of normal design, which 
is connected to transmitter and receiver. 


Railroads 
ELECTRICAL ENGINEERING. Report 
of the Committee on Electricity. Ry. Age 


(Daily Edition), vol. 90, no. 10B, Mar. 11, 1931, 
pp. 528-D44-45 and (discussion) 528-D45-46. 
Synopsis of matter presented before electrical 
section, Am. Ry. Assn., in October, 1930. 
Before Am. Ry. Eng. Assn. 


ELECTRIFICATION. Thirty-Five Years’ 
Experience with Heavy Electric Traction, 
S. Withington. Ry. Age, vol. 90, no. 12, Mar. 21, 
1931, pp. 577-579. Satisfactory equipment has 
been found: conditions justifying electrification 
have been determined; need of unified system; 
era of expansion; early New Haven experience; 
important developments based on experience. 
Before New York Railroad Club. 


INTERLOCKING SIGNALS. New Control 
System Used at Electric Interlocking on the 
Burlington, W.F. Zane. Ry. Signaling, vol. 24, 
no. 3, Mar. 1931, pp. 81-84, 6 figs. Independent 
control and indication circuits make for simplic- 
ity, reliability and freedom from grounds; signal 
layout plan; tower and power equipment at 
Downers Grove, Ill.; interlocking machine; 
outside construction; control and indication cir- 
cuits; locking and signal circuits. 


Remotely-Controlled Interlocking Solves 
Problem on C. and N. W., 8. E. Noble. Ry. 
Signaling, vol. 24, no. 3, Mar. 1931, pp. 


85-86, 4 figs. Extensive plant at West Nelson, 
Ill. controlled from desk levers in tower at 
another interlocking; track and signal plan of 
remotely-controlled plant; change in layout and 
circuit design; lever indication lights; outside 
construction. 


OPERATION STATISTICS. Electric Rail- 
ways Carry On ina Year Beset with Difficulties. 
Elec. Ry. Jl., vol. 75, no. 4, Apr. 1931, pp. 197- 
200. Operating economies obtained in 1930 off- 
set in large measure decreased revenues that 
were general; reports from 75 companies operat- 
ing transportation lines in United States and 
other countries analyzed to give significant 
statistics; table of condensed financial reports of 
electrical railway properties 1930-1929. 


Rectifiers 


HIGH CAPACITY. High Power Rectifiers, 
J. W. Rissik and H. Rissik. Engineer, vol. 151, 
no. 3923, Mar. 20, 1931, p. 322. Editorial 
review of paper before Institution of Electrical 
Engineers, in which increasing field of applica- 
tion of rectifier is attributed to its economy on 
fluctuating loads, reliability under most severe 
operating conditions, rapidity with which it 
can be set to work, and fact that it is unaffected 
by disturbances on a-c. side; although discussion 
indicated that certain manufacturers are in- 
clined to favor 600-volt rotaries, experiences on 
Continent and in America clearly show that 
engineers frequently specify rectifiers for 600 
volts and similar pressures. 


MERCURY -ARC. Mercury-Arc Power 
Rectifier Auxiliaries and Accessories, E. S. 
Waterman. Gen. Elec. Rev., vol. 34, no. 4, 
Apr. 1931, pp. 228-234, 16 figs. Exhaust sys- 
tem; vacuum-measuring and regulating devices; 
ignition and excitation equipment; cooling sys- 
tem; thermal control devices; degassing equip- 
ment; resonant shunts and series reactor. 


Refrigeration 


The Young Engineer in the Refrigerating 
Industries, A. R. Stevenson, Jr. Refrig. Eng., 


JUNE 1931 


vol. 21, no. 4, Apr. 1931, pp. 256-258. Survey 
of possibilities for young engineer in refrigerating 
industries; classification of engineers by General 
Electric Co. together with qualifications and 
possibilities in following four classes: develop- 
ment, design, application and sales engineering. 


Regulation 


MACHINERY. Ueber die Reglung von 
Spitzenlast und Grundlastmaschinen (Regula- 
tion of Peakload and Base Load Machinery), 
W. Kieser. Elektrizitaetswirtschaft, vol. 30, 
no. 6, Mar. 1931, pp. 164-170, 13 figs. It is 
shown what unavoidable frequency fluctuations 
result in three-phase network from changes in 
load and how these fluctuations may be kept 
within narrow limits. 


Remote Control 


SHIP STEERING GEARS. Der sympa- 
thische Fernantried fuer Regel- und Umkehr- 
organe von Rudermaschinen (Hlectric Control 
of Ship Steering Gear), H. Kohrs. Schiffbau, 
vol. 32, no. 3, Feb. 1, 1931, pp. 60-64, 9 figs.; 
see also brief translated abstract in Mar. Engr. 
and Motorship Bldr., vol. 54, no, 642, Mar. 1931, 
p. 116. Disadvantages of normal steering rod 
and chain control of rudder quadrant; electric 
installation by A. E. G., known as sympathetic 
distance control, is so arranged that rudder 
accurately and immediately follows each unit 
degree change in rotation of steering wheel; 
steering engine valve is controlled by geared 
motor supplied with current from Leonard 
motor-generator. 


Resistors 


DESIGN. Stromregelungen bei  Labora- 
toriumsmessungen (Current Regulation in 
Laboratory Measurements), G. Hauffe. Elek- 
trotechnische Zeit., vol. 52, no. 11, Mar. 12, 1931, 
pp. 340-341, 4 figs. For exact adjustment of 
current readings, parallel dimensions of resistors 
is often required; range of regulation and dimen- 
sions of such equipment are discussed and curves 
for quick design are developed. 


Rheostats 


Theory of a Combined Series and Potenti- 
ometer Rheostat, J. R. Nielsen. Rev. Sci. 
Instruments, vol. 2, no. 3, Mar. 1931, pp. 184- 
186, 1 fig. Theoretical mathematical analysis 
pertaining to rheostat designed by Dodge and 
which permits rapid change from series to 
potentiometer connection, or vice versa, by 
simple closing or opening switch. 


Sound Measurement 


Mesure des intensités sonores par la méthode 
des scintillations (Measurement of Sound 
Intensities by Scintillation Method), F. Canac. 
Physique et le Radium—Jl., vol. 2, no. 2, Feb. 
1931, pp. 42-60, 10 figs. Theoretical analysis, 
measurements and results of experiments. 


Spectrum Analysis 


Energy Measurements in the Visible and 
Ultraviolet, F. Bendord and R. . Howe. 
Tllum. Eng. Soc.—Trans., vol. 26, no. 3, Mar. 
1931, pp. 292-301 and (discussion) 301-305, 
6 figs. ‘Three common ways of making energy 
analysis in visible and ultraviolet are photo- 
graphic method, filter method and monochro- 
mator method; these three methods are not fully 
interchangeable and nature of source of energy 
often dictates which shall be used; inherent 
limitations of all three are discussed with refer- 
ence to measurements of sunlight and some 
of common sources of light and ultraviolet ra- 
diation. 


Substations 


INDUSTRIAL. Industrial Plant Substa- 
tions, O. H. Henschel. South. Power Jl., vol. 
49, no. 3, Mar. 1931, pp. 67-72 and 74, 9 figs. 
Notes on indoor and outdoor types of industrial 
plant substations; general layout and equipment 
design; typical installations; multiple trans- 
former stations; combination stations; secondary 
substations. 


LIGHTING. Outdoor Substation Lighting, 
H. E. Hutter. Elec, Rev., vol. 108, no, 2781, 
Mar. 13, 1931, pp. 460-461, 5 figs. Principles of 
underlying provision of adequate illumination to 
meet requirements both of normal operation and 
emergency repair work; samples of lighting units 
to be used, design and construction and details 
are given. 


Synchronizers 


AUTOMATIC. Automatic Synchronizing 
Equipment. Power Engr., vol. 26, no. 300, 
Mar. 1931, pp. 105-109, 12 figs. Principles of 
and apparatus for synchronizing a-c. generators 


automatically; Brown-Boveri apparatus for 
automatic synchronizing; Reyrolle system, 
performance curves and diagrams. 
Transformers 

AUTO. Auto-Transformers for Starting 
Induction Motors, A. Holt. Power, vol. 73, 


no. 13, Mar. 31, 1931, pp. 508-510, 3 figs. 
Although induction motors designed for starting 
on full voltage have come into general use, there 
are vast numbers in service that are started on 
reduced voltage; voltage supplied by _ auto- 
transformers; practical discussion of selection 
and care of electric equipment. 


GROUNDING. Grounding Transformers, 
H. Fahnoe and E.G. Reed. Elec. Jl., vol. 28, 
no. 4, Apr. 1931, pp. 226-230, 10 figs. On three- 
phase power system grounding transformer is 
frequently used not only to provide neutral 
ground connection, but also to limit to predeter- 
mined value current flowing during line-to- 
ground fault; notes on star-delta connected 
grounding transformers; interconnected-star 
grounding transformer; thermal protection of 
grounding transformers; equivalent kv. rating 
of grounding transformers; numerical examples. 


INSTRUMENT. Current Transformers, 
G. W. Stubbings. Elec. Rev., vol. 108, no. 2871, 
Mar. 13, 1931, pp. 462-463, 1 fig. Critical study 
of various methods of determining errors; vector 
relationships; absolute methods of testing; 
comparison methods of testing; elimination of 
detector errors; novel comparison methods. 


Waves 


TRANSIENT. Die Umbilding der Wellen- 
form durch Kapazitaeten und Induktivitaeten 
bei durch Funken ausgeloesten Wanderwellen 
(Reshaping of Wave Form by Capacity and 
Inductance of Spark Generator Traveling 
Waves), W. Schilling. Archiv fuer Elektrotech- 
nik, vol. 25, no. 2, Feb. 21, 1931, pp. 97-122, 21 
figs. Voltage characteristic of waves in simple 
circuit; approximate equations for large breaking 
capacities; influence of capacity and inductivity 
in wave form and voltage. 


ULTRA-SHORT. Sur la _ réflexion des 
ondes électromagnétiques (Reflection of Electro- 
magnetic Waves), C. Gutton and G. Beauvais. 
Académie des Sciences—Comptes Rendus, vol. 
191, no. 26, Dec. 29, 1930, pp. 1418-1420; see 
also translated abstract in Experimental Wire- 
less, vol. 8, no. 90, Mar. 1931, pp. 143-144. 
Experiments with reflected ultra-short waves 
from 6 to 10 m. and results obtained. 


Welding 


HYDRAULIC TURBINES. Hydraulic Tur- 
bine Repaired by Electric Welding, C. R. Reid. 
Power, vol. 73, no. 12, Mar. 24, 1931, pp. 478- 
479, 3 figs. Badly damaged Francis-type 
runner of 20,000-hp. unit repaired at cost of 
only $2,274. 


PIPE LINES. 1930 Piping Jobs Simplified 
by Welding. W.R. Wood. Heat. and Piping 
Contractors Nat. Assn.— Off. Bul., vol. 38, no. 
4, Apr. 1931, pp. 37-39, 9 figs. Advantages of 
welding as exemplified by Empire State and 
Cornell Medical Center installations. 


SHEET STEEL. Sheet Metal Welding 
Formulae. Sheet Metal Industries, vol. 4, 
no. 11, Mar. 1931, pp. 984, 986, and 989, 3 figs. 
Up to present, literature of welding processes 
reveals almost complete absence of formulas; 
first attempt to obtain such laws carried out 
by D. Seferian; results of tests are shown in 
table and are also represented graphically. 


SHIPBUILDING. Experiences with an 
Electrically-W elded Ship. Engineering, vol. 
131, no. 3403, Apr. 3, 1931, pp. 460-461, 3 figs. 
Fullagar, now known as Shean, was launched in 
1920; vessel has several times been aground and 
on each occasion, later examination showed keel 
and bottom plating to have stood severe con- 
ditions without ill effect; after more than 11 
years of service it has been impossible to trace 
any undue corrosion in welded structure; 
experiences form remarkable demonstration of 
possibilities of electric welding in ship construc- 
tion and valuable tribute to methods and 
materials of Quasi-Arc Co. 


TRACKS. Welding Manganese Track Work, 
H.H. George. Traction Shop and Roadway, vol. 
4, no. 3, Mar. 1931, pp. 77-80, 16 figs.; see also 
Elec. Traction, vol. 27, no. 3, Mar. 1931, pp. 
125-127, 16 figs. Knowledge of, and adherence 
to fundamental requirements, found through 
experience, results in long life for track work 
reconstructed by welding; Cleveland’s welding 
rules; frequent repairs to frogs handled quickly 
by welding; switch repairs that save money and 
prevent derailments. 
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Lclasirict Notes 


Lamp Companies Merge.—Plans for a 
merger have been approved by the 
directors of the Hygrade Lamp Company 
of Salem, Mass., and the Sylvania Prod- 
ucts Company and the Nileo Lamp Works, 
Ine., both of Emporium, Penn. Com- 
bined sales of these companies amounted 
to approximately $9,000,000 for the year 
1930. The Emporium and Salem units 
each manufacture incandescent lamp 
bulbs and radio tubes. The electric lamp 
bulbs are manufactured and sold under a 
license agreement with the General Elec- 
trie Company. 


A New Rectifier.—A new line of heavy 
duty rectifiers has been announced by 
the B-L Electric Manufacturing Com- 
pany, St. Louis, supplementing the small 
rectifiers which the company has produced 
for some years. These rectifiers are con- 
structed entirely of metal plates without 
any moving parts and are of rugged con- 
struction. They are used to obtain low 
voltage direct current from the ordinary 
alternating -current lines and for this 
purpose require the use of sinall step- 
down transformers. Many applications 
exist for the use of such rectifiers in 
the fields of radio, sound-film equipment, 
signaling, alarms, industrial control, ete. 
B-L Electric Mfg. Company, 19th & 
Washington Avenue, St. Louis. 


New G-E Plant Near Completion.—The 
new million dollar Cleveland wire works 
plant of the General Electric Com- 
pany, which is being erected at South 
Euclid, on the outskirts of Cleveland, is 
rapidly nearing completion, according to 
i. J. Edwards, engineer in charge of plant 
construction for the incandescent lamp 
department. The new plant, which is to 
be devoted to the manufacture of filament 
wire, represents the largest arc-welding 
job ever attempted in the Cleveland 
territory. More than a thousand tons 
of structural steel are going into its con- 
struction. The building covers an area 
493 feet in length by 320 feet in width. 
It will provide 185,000 square feet of 
floor space. Tentative production sched- 
ules call for a plant output of more than 
300,000 miles of filament wire during the 
year 1932. The structure is scheduled 
for completion August 15 by the Austin 
Company, of Cleveland, who built the 
original Nela Park in 1912. 


A New Power Filter Unit.—The Square 
D Company, Detroit, has announced the 
introduction of a power filter unit for 
supplying noiseless, non-pulsating, direct- 
current power from ordinary alternat- 
ing-current circuits and applicable to 
telephone circuits, intereommunicating 
systems, public address systems, talking 
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picture equipment and other sound pro- 
ducing apparatus. No auxiliary equip- 
ment is necessary. The new device is 
noiseless and has no moving parts. 
Square D Company, Detroit. 


Installing Underground Cable.—By 
means of a special plow built by the 
General Electric Company, the plow 
being available for rental purposes, 
parkway or underground cable can be 
installed beneath sod and in locations 
where a minimum disturbance to the 
ground is desired. A reel of parkway 
eable is located at one end of the circuit 
run, and is mounted on supports so that 
it may unreel easily. The plow is con- 
nected to a tractor, and one end of the 
parkway cable is connected to the plow 
blade. It may be used to best advantage 
when installing parkway cable within 
the curb line of a street, around tree 
roots, poles, ete. The depth limit of the 
plow is 15 inches. 


Teadé literature 


Airport Lighting.—Catalog 218-FA, 30 
pp. Describes a complete line of elec- 
trical equipment necessary for airport 
lighting. Westinghouse Electric & Mfg. 
Company, Kast Pittsburgh. 


Vitrohm Resistors.—Bulletin 507, 8 pp. 
Describes vitrohm resistors and rheostats 
for radio. Ward Leonard Electric Com- 
pany, Mount Vernon, N. Y. 


Carbon Brushes.—Catalog 12, 42 pp. 
Describes a complete line of standard and 
special brushes for motors, generators 
and synchronous converters.  Boxill- 
Bruel Carbon Co., Columbia Park, Ohio. 


Small Generator Units.—Bulletin 1908, 
12 pp. Describes belt driven generators, 
turbine generator units, portable gas 
engine-driven power units and electric 
service plants up to 15 kw. Westing- 
house Electric & Mfg. Company, East 
Pittsburgh. 


Line Hardware.—Bulletin 5,4 pp. De- 
seribes guying specialties, including guy 
hooks, eye nuts, curved ribbed washers, 
double guy blocks, Shull boltless guy 
clamps, and “pick-up head” anchor 
rods. Malleable Iron Fittings Company, 
Branford, Conn. 


The Stenode.—Bulletin 1,24 pp. De- 
seribes the ‘‘Stenode,”’ for which the claim 
is made that it is by far the most selective 


radio receiver. Drawings of various cir- 
cuits are included. The Stenode Corpo- 
ration of America, Hempstead Gardens, 
ie eeeNee ye. 


Instruments.—Catalog F Part 2, 48 pp. 
Supplement to Part 1 of Catalog F. 
Describes all new General Radio instru- 
ments‘for electrical measurements at com- 
munication frequencies, and announces 
many important specification changes in 
the others. General Radio Company, 
Cambridge, A, Mass. 


Circuit Breakers.—Bulletin 37, 16 pp. 
Describes Pacific Electric multi-break oil 
circuit breakers. These 69-kv. breakers 
incorporate many new features and im- 
provements over former types. Pacific 
Electric Manufacturing Corp., 5815 Third 
Street, San Francisco. 

Remote Control Cars.—Bulletin 1239, 
12 pp. Describes automatic and remote 
control quarry cars which are controlled 
by one operator from a distant point. 
The idea of remote control is not entirely 
new, but the scheme described in the 
bulletin depends upon the use of alter- 
nating current, which has not heretofore 
been employed in such operation. The 
Atlas Car & Mfg. Co., Cleveland. 


Manual of ‘‘Megger’ Practice.—A 
pocket manual, 96 pp., treating in a com- 
prehensive manner on the subject of 
electrical insulation and uses of insulation 
testing instruments. It includes valu- 
able data on the characteristics of insula- 
tion and suggests how and where to look 
for insulation defects in electrical equip- 
ment. Sixty-seven illustrations are in- 
cluded. James G. Biddle Company, 1211 
Arch Street, Philadelphia. 


Lightning Arresters.—Bulletin 313, 64 
pp. Describes a complete line of lightning 
arresters, including Keystone crystal 
valve lightning arresters for high and 
low voltage a-c. service and for low 
voltage d-c. service; Garton-Daniels light- 
ning arresters for low-voltage a-c. and 
d-c. service and for standard and high 
voltage d-c. railway service; Keystone 
and Protex radio lightning arresters; and 
ground fittings. HKlectrie Service Sup- 
plies Co., 17th & Cambria Streets, 
Philadelphia. 


Motors.—Bulletin 165. Describes 
seven distinet types of squirrel cage 
motors, comparing them as to their 
starting torques, starting currents and 
cost. Speed-torque curves and_ tables 
make a thorough comparison of the seven 
types to enable a proper selection for 
different applications. The bulletin also 
deseribes construction details, and has a 
section on ‘“‘mechanical variations” in 
which roller bearings, totally-enclosed, 
fan-cooled, vertical and _ three-bearing 
motors are discussed. There is also a 
section on multi-speed motors and con- 
trol equipment. Wagner Electric Cor- 
poration, 6400 Plymouth Avenue, St. 
Louis. 
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2300 volt Allis - Chalmers 
Type SB transformer be- 
ing subjected to artifi- 
cial lightning impulse of 
1,500,000 volts. 


Three years service 


Repeated Tests by 
Artificial Lightning 


and 


Not one has failed — 


SB transformers also include the 
following additional features: 


1. Non-Siphoning bushing construction. 
2. Copper alloy steel tanks, D. C. arc welded. 
3. Pressed steel covers. 


4. Skid cradle suspension construction in con- 
nection with hot dipped galvanized hangers. 

5. Low core and copper losses. 

6. Core and coil structure supported against 
side shifting by T rails and improved me- 
chanical lock. 

7. Transformers can be shipped completely 
filled with oil ready for service. 

These transformers cost very little more than 
transformers not possessing these important 
advantages. 

Write our nearest district office for details. 


ALLIS-CHALMER 


Allis-Chalmers Manufacturing Company, Milwaukee 
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Between 4000 and 5000 Type SB transformers 
have been shipped to various points in the 
United States during the past three years. 


Not one of these transformers has failed 
from any cause. 


This operating record is due to features of 
construction which are built into Allis-Chal- 
mers type SB transformers. 


1. Cable paper insulation treated by a 
special process developed by Allis-Chalmers 
research chemists. 


2. Detachable stud bushings having a defi- 
nitely co-ordinated flashover value with re- 
spect to the coil insulation. 


3. McCoy low temperature impregnation 


(anti-ionization) process. 
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HERE Is 


NO SUBSTITUTE 


FOR TURBINE SAFETY 


| is today’s, high-speed, 
high-temperature turbine units, effec- 
tive lubrication is most important and 
the demands upon the lubricant more 
exacting than in perhaps any other type 
of moving equipment. 

There is no substitute for safety. There 
is no substitute for the feeling of com- 
plete confidence that the lubricant in 
your turbine system is actually doing its 
work every minute of the time—surely 
and effectively. 

Use Texaco Regal Oils. These unusual 
turbine lubricants are refined by special 
Texaco processes that give them excep- 


TEXACO 


Tear TEX AS COMPAN Y¥ 


135 East 42nd Street, New York City 


JUNE 1931 


tional qualities. With Texaco Regal Oil, 
bearing temperatures are generally low- 
er, and troubles from sludging, emulsifi- 
cation and acidity, even after years of 
service, are practically unknown. And 
you can depend on Texaco Regal Oils 
for their rigid uniformity, always. 

Write The Texas Company on any 
question of lubrication. Texaco Lubrica- 
tion Engineers are at your call—and the 
systematic laboratory analysis provided 
for every user of Texaco Regal Oils in- 
sures the certainty of the very highest in 
effective, safe lubrication. 


LUBRICANTS 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


3 


Just off the press—a completely revised edition of Bulletin 


165 fully describing Wagner's seven types of squirrel cage 
motors, explaining in detail how they differ from one an- 
other, how they are made, how te apply them to fit the 
job, etc. In addition there are sections on rolling bearing, 
totally-enclosed fan-cooled, three-bearing, multi-speed and 
vertical motors; Multi-V-Drive, the well-known product of 
Worthington and Goodyear recently added to the Wagner 
line; and control equipment. » » » Ask for a copy of this 


bulletin; just sign and mail the coupon. 


CONTENTS 


RP1 Motors 

RP2 Motors 

RP3 Motors 

RP4 Motors 

RP5 Motors 

RP6 Motors 

RP7 Motors 

Stator Construction 

Rotor Construction 

Frame Construction 

Bearing Construction 

Roller Bearing Motors 

Totally Enclosed Fan- 
Cooled Motors 

Multi-Speed Motors 

Three-Bearing Motors 

Vertical Motors 

Multi-V-Drive 

Control Equipment 


SIGN AND MAIL THIS COUPON 
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WAGNER ELECTRIC CORPORATION, 
6400 Plymouth Ave., St. Louis, Mo. 


Please send copy of the completely revised Bulletin 165 
on Squirrel Cage Motors. 


ADDRESS 
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Type 


no other 


HE above illustration shows the installation 

of an EC&M Type ZHS Across-the-Line 
Starter which controls a 150-h.p., 2300-volt 
Synchronous Motor driving an air compressor. 


This is a completely wired and totally enclosed 
unit, consisting of a standard Type ZHS Starter 
(shown in insert), to which has been added an 
automatic field switching panel enclosed in a 
steel cabinet and welded to the back of the 
starter tank. This self-contained unit provides 
a dust-proof, vapor-proof and shock-proof in- 
stallation that may be mounted in any dusty or 
explosive atmosphere with perfect safety. 


There is no other starter built like the EC®&M 
Type ZHS Starter. It is not an adaptation of 
a switchboard circuit breaker, but is of a design 


HS Synchronous 


starter 


Starters 
built 


specifically built for controlling high voltage 
motors. It consists of a high voltage contactor 
of very sturdy mechanical construction with 
high arc-rupturing capacity. Working parts 
are few in number and are totally oil-immersed, 
insuring that the starter is always ready for 
operation at any time whether it is out of 
service for a few minutes or for several months. 
Bulletin 1062-J gives a complete description. 
Write for a copy. 


BRAND NEW—tType EO 
Explosion-Proof Push Button 
for use as push button stations 
for automatic motor starters 
and for control of lighting cir- 
cuits. Described in Bulletin 
1105-J, just off the press. 


THE ELECTRIC CONTROLLER & MFG. CO. 


NEW YORK-50 CHURCH ST. 
CHICAGO-CONWAY BLDG. 
DETROIT>-DIME BANK BLDG. 
BIRMINGHAM ~BROWN-MARX BLDG. 
CINCINNATI -~|=NATIONAL BANK BLDG. 
ST. LOUIS~6926 MARQUETTE AVE 


CLEVELAND, OHIO 


LOS ANGELES- 912 £. THIRD ST. 
HOUSTON -P.0.BOX 4182 
TORONTO-REFORD BLDG. 


PHILADELPHIA -WITHERSPOON BLDG. 
PITTSBURGH-OLIVER BLOG. 
SAN FRANCISCO-CALL BUILDING 
MONTREAL~CASTLE BLOG 
TULSA- COMMERCIAL BLDG. 
SEAT TLE-2207-|2 AVE so, 
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SANGAMO 
TIME-SWITCHES 


ACCURATE TIME...-.ELECTRIC WINDING 
MODERATE COST....LOW UPKEEP 


The Sangamo Time-Switch is the 
product of combined facilities of two American manufacturers 
—each a leader in its field— Sangamo, makers of Meters, and 
Hamilton, manufacturer of the “Watch of Railroad Accuracy.” 

The Sangamo Time-Switch embodies these features: 
1... Accurate dependable time...insured by the standard 
Sangamo clock-movement with Hamilton 11-jewel escape- 
ment having a micrometer adjustment, and fully protected 
by dust-cap. 
2...Electric Winding... The switch mechanism is operated 
by a clock-mainspring, kept wound by a Sangamo motor 


which is continually in circuit. Because of ample reserve 


power, the switch is unaffected by current interruptions. 
3... Mercury tube contacts of latest design, shown by tests 
to be absolutely dependable in service. 

4....Independent of frequency or voltage variations. 

2... Made for either a. c. or d. c. operation. 

6... Low maintenance cost. ..simple, sturdy design assures 
trouble-free operation. All parts interchangeable. 

For medium-priced installations as well as costly ones, 
wherever a sturdy and thoroughly dependable time-switch 
is required ...specify Sangamo. Available with meter ter- 
minal base or conduit- connected base. 


Write for descriptive folder giving complete details. 


SANGAMO ELECTRIC COMPANY © SPRINGFIELD, ILLINOIS 
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STROWGER RELAYS 


STROWGER | 
RELAYS 


“Telephone Type” 


For Every Remote-Control Operation pate ee 
Quick Acting 


Slow Acting 


The relays and remote-control switches used in the Strowger 


Automatic Telephone System are known among telephone 
engineers the world over for their accuracy and durability under 


Double Wound 
Mechanical 


the severe stresses of daily use. They are the result of intensive Locking 
development and constant improvement to meet the rigid Pulsin 
requirements of telephone operation. : g 
The reliability, long life and versatility of these devices have led aig 

to an increasing demand from the electrical and manufacturing BeIbS aca 
industries for their use wherever there is need for communica- Midget 
tion or remote-control over wires. New uses are being found 

A. C. Relays 


for them almost daily. 
The Strowger engineering staff invites correspondence regard- 
ing the adaptation of Strowger relays or Strowger switches to 


Polarized Relays 
Voltage Control 


your specific needs and will gladly cooperate in suggesting Relays ; 
suitable types. An inquiry involves no obligation on your part. Supersensitive 
Relays 


Write for These Bulletins Multiples Contac 


We have compiled several interesting bulletins, describing Relays 
Strowger products, which are now available for distribution. We Stepping Relays 
shall be glad to forward to you, without charge or obligation, Oil Dashpot Relays 
those in which you are interested. Use the coupon below. Elech 

ectric Counters 


Engineered, Designed and Manufactured by i 


Automatic Electric Inc. 


Factory and General Offices: 


1031 West Van Buren Street, Chicago, U. S. A. 


ATTACH TO YOUR LETTERHEAD AND MAIL TO 


AUTOMATIC ELECTRIC Inc., 1031 W. Van Buren St., Chicago 
Please send us bulletins on: 
[_] Relays, Remote-Control Switches and Signal Accessories. 
[] Private Dial Telephone Systems. 
L] Fire-Alarm Systems. 


CL] Multiple Time-Recorders. 


I 
I 
| 
I 
I 
1 
I 
I 
u 
SALES AND SERVICE OFFICES: 
u 
I 
I 
! 
u 


Atlanta Boston Cincinnati Cleveland 
Detroit Kansas City, Mo. Los Angeles New York Namo 
Pittsburgh St. Paul SWaShington’ Dis) Cement | pee engl nama NARS erga) eo eaacmeDi Sum fea” preggo gr agree eae ea een one 
Rrwe POSINONES. sae. o- ccc ne ae eines See coe xk ae Le ee 2 ee a 
i} 
RAEN SN OE TET NE LR RO EE NL BI ILE LOS PIE LOTS IETS CSRS EE SSS 
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Overcoming Gravity's Grip 


A.C.S.R. permits longer spans 
a —needs fewer towers 


For a given conductivity, A.C.S.R., being % 
lighter and 1% stronger than other commonly 
used cable, permits flatter sags and longer spans— 
hence requires fewer towers; or with this light, strong cable you 
can use lower structures for the same span. Alternatively you can 
secure a higher factor of safety in the same span with the same sag! 


The steel core of A.C.S.R. provides great strength, and its Alcoa, 
Aluminum strands combine light weight with high conductivity| 
Result —dead-load of wire reduced to the practical minimum, and 
a high margin of safety obtained. | 


Several types of Alcoa Aluminum Cables areavailable. A.C.S.RI 
for high or low voltage transmission; for messenger-feeden 
for railroad catenary. Bare and insulated A.C.S.R. for rurd 
and urban distribution lines and many other | 
services. Bare and insulated all-aluminum 
cable for electric street railway and 
industrial feeders. 


A representative will be glad to call and dis- 
cuss the advantages of A.C.S.R. for any x | 
installation that youmay haveinmind. ALUMINU} 
Address ALUMINUM COMPANY of AMERICA; CABLE STE 
2448 Oliver Building, PITTSBURGH, PENNSYLVANIA. REINFORC : 


ALCOA ALUMINU 


| 


ublic Relation: Ae 
Electrical Theories 
are Sisters under their Shins * 


HE skilful transmission line designer and the highest of- 
ficials of power organizations are in complete agreement 
in their keen desire to protect public good-will by reduc- 
ing service interruptions to the irreducible minimum. How- 
ever, to the line designer the fact that “it requires from two to 
four times the voltage to form an arc between spheres as com- 
pared with points, equally separated”, states a principle of 
good design—an abstract principle which, when violated, not 
infrequently proclaims itself in concrete flashovers. vivid line- 
outages, and disturbed public relations. 


Therefore, the experienced line designer is quick to observe 
both the violations as well as the applications of the spherical- 
principle in every piece of equipment which he may be called 
upon to consider. He well sees the spherical-principle applied 
at every possible point throughout the design of the O-B line 
of hardware. He discerns it in the broad curves, the rounded 
corners, the spherical surfaces—in the absence of sharp edges, 
acute angles and projecting points which invite flashovers. 
The experienced designer perceives that at no point is the 
spherical principle violated except where mechanical functions 
or structural necessities take precedence. 


Hence the wide preference for O-B hardware among trans- 
mission line designers is not without reason. It is soundly 
based in the proved principles of best design, in the experienc- 
ed freedom from flashovers, line-outages and enraged public 
opinion which result. Power company officials also recognize 
that good public relations and correctly applied electrical 
theories are “sisters under their skins”. 


*The Colonel’s lady and Judy O’Grady are sisters under their skins.—Kipling. 


OHIO BRASS COMPANY, MANSFIELD, OHIO 
Canadian Ohio Brass Company Limited, Niagara Falls, Canada 


@ O-B Suspension 
Eyes for attaching sus- 
pension insulators to tow- 
ers. Made of drop forged 
steel, hot-dip galvanized; 
with standard size ball 
socket connection in six 
sizes; five with round 
eye holes from +} inches 
to 14 inches, and one 
with an oval hole 1 inch by 2 inches. 


For de- 
tail drawings and catalog numbers, refer to 
pages 194 and 195 of O-B Catalog No. 20. 


@ O-B Suspension 
Hooks for attaching 
suspension insulators to 
towers. Made of drop 
forged steel, hot-dip gal- 
vanized. The opening 
in the hook shown is 
closed by the insulator 
cap, thus preventing un- 
hooking after installa- 
tion. The same hook is also made with two 
sizes of holes for clevis pin. Additional de- 
tails and catalog numbers on page 196 of O-B 
Catalog No. 20. 


& 


@ O-B Suspension 
Clevises for use in place 
of hooks and eyes for at- 
taching insulators to 
towers. Also used to 
change from clevis type 
to ball and socket type 
insulators; permits use 
of mixed strings with 
ball and socket type in- 
sulators at the bottom of the clevis string. Drop 
forged steel, hot-dip galvanized, in three sizes: 
1, 1,4; and 2,%-inch clevis yokes. Additional 
details and catalog numbers on pages 198 and 
199 of O-B Catalog No. 20. 


@ O-B Ball and Socket Clevis can be used 
for attaching any clamp having an eye to the 
center pin of ball and 
socket type suspension 
insulators. Malleable | 
iron, hot-dip galvanized, 
brass cotter pins. Di- 
ameter of bolt is 3-inch; 
18-inch opening for clevis 
attachment. Detailed in- 
formation on page 203 of 
O-B Catalog No. 20. 


1411H 
@ PORCELAIN 
$ INSULATORS 
LINE MATERIALS 
; RAIL BONDS 
@ |} CAR EQUIPMENT 
C MINING 
NEW YORK PITTSBURGH CHICAGO CLEVELAND ST.LOUIS ATLANTA DALLAS MATERIALS 
PHILADELPHIA BOSTON LOS ANGELES SAN FRANCISCO SEATTLE V2 
JUNE 1931 Please mention ELECTRICAL ENGINEERING when writing to advertisers 9 


Standardized Vault Unit for 


Primary Network System 


Transformers, regulating equipment, 
switchgear, meters---all in one 
compact, coordinated unit 


System planning can be simplified and ultimate costs reduced by 
adoption of the primary network system and the use of standard 


G-E network vault units. 


With this complete, fully assembled unit, installation consists only 
of building a vault, lowering in the equipment, and connecting 
the incoming and outgoing cables. Engineering, construction, and 
purchasing are simplified. Deliveries can be timed to facilitate 


transportation and reduce storage. 


IMPORTANT FEATURES 


The complete unit is submersible, weighs less 
than 25 tons, and can be installed in a vault 
30 by g by 11 ft., with ample room for 
inspection and maintenance. 


The transformer, rated 1500 kv-a. self-cooled 
(provision for 2000 kv-a. with forced-air 
cooling), is equipped with automatic load 
ratio control of unique design, providing in 
a very simple and economical manner for 
voltage regulation. 


Each oil circuit breaker, of the elevating type 
with motor-operated mechanism, isin an indi- 


vidual compartment. Each breaker can be 
lowered to the disconnected position without 
opening the door of the breaker compartment. 


Relays, meters, and control equipment are in 
a separate compartment to facilitate mainte- 
nance and increase reliability. 


Bus and current transformer compartments 
are filled with insulating compound of high 
dielectric strength. Unusually liberal design 
factors provide high insulation strength and 
current-carrying capacity. Atomic-hydrogen 
welding assures water-tight joints. 


95-875 


GENERAL @ ELECTRIC 


JOIN US IN THE GENERAL ELECTRIC PROGRAM, BROADCAST EVERY SATURDAY EVENING ON A NATION-WIDE N.B.C. NETWORK 


10 
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So it took 


A line of the Gary E Light and Water Company, struck 
by lightning, suffeé ashover calculated at 7500 amperes 


amount of thermal punishment. Even if unexpectedly severe 
arcing should destroy one or more petticoats, the original effi- 
cieficy, only slightly reduced, will hold the line in service. Rocks 
and bullets find Lapp Fog Type Insulators equally resistant. 


4 


Lapp Fog Type Insulators are always better 


and for several voltages actually less expensive. 
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*....Is the design of the pin 
importsamt?”” TT 


“Tt most certainly is. First, let me tell you 
something that few people realize. The pin 
hole of any suspension insulator is filled 
along its entire length with a combination of 
steel and cement. These materials having 
the same co-efficient of expansion, you can 
see that regardless of the size or shape of the 
pin the effect of thermal changes will be the 
same. Of course, provision is made in any 
modern insulator to eliminate the hazard of 
damage through expansion and contraction. 


The pins used in our suspension insulators 
are scientifically designed to give the most 
efficient load distribution and are accurately 
turned from specification copper-bearing 
steel. This is why on iest M & E and ultimate 
values are almost invariably identical. In- 
stead of making the strength of the cement 


the determining factor the Locke pins utilize 
every part of the insulator. This distribu- 
tion of duty—“‘balanee” if you like—ac- 
counts for the 18,000-Ib. rating of our stand- 
ard suspension insulator. 


And you might remember that this same pin 
design has been used in all suspension in- 
sulators manufactured by Locke for the past 
sixteen years, during which time there have 
been no failures.” 


LOCKE? 
PORCELAIN 
INSULATORS 


LOCKE INSULATOR CORPORATION «+ «+ + + BALTIMORE, MARYIANE 
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HOW TO ECONOMIZE 
IN BUYING POTHEADS 


STANDARDIZE 


AT THIS MOMENT, from G&W’s stock you have your choice of three 
thousand five hundred different kinds of potheads. 


G&W has a staff of distribution specialists ready to recommend a pot- 


head in exact conformation to your own layout scheme. 


Why not standardize on G&\W? 


You can save much time, effort, and expense. 
Orders, reorders, replacements, and repairs are made with ease. 


Here is a practical example of economies effected by standardiza- 


tion. Because of a change in substation layout, it was advisable to 


use potheads of another type. It was thought that the old potheads 
would be a complete loss. But G&W furnished several new lids, a 
new body, and the change wes made at less than one fourth the 


original estimate. 


Because of G&W interchangeability, because potheads are available 
on short notice for your every need, because G&W has had twenty 
five years of concentration and specialization on the application, 


design, and manufacture of potheads, —G&W is unusually well 
qualified to economically handle your cable terminal requirements 


from beginning to end. 


Be sure to order your 
copy of “The Under- 
ground Systems Ref- 
erence Book”’ from 

EaleeeAceleact= 
quarters, New York, 


STANDARDIZE ON G&W 


SS SS ae enn ne an ea rr in mann <n 
Potheads »* Subway Boxes 7” Cable Terminal Devices » Automatic Transfer Switches 


QW Electric Specialty Co. 


7780 Dante Avenue, Chicago 7 Representatives in ys Cities 


——e 
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Note the Dossert Type F Stud Connectors 
connecting cables to studs at top and 
bottom of protector box. 


DOSSERTS used to connect 2,000,000 
C.M. single conductor cables to 1% inch 
copper studs on 1600 ampere, 250 volt 
submersible type A.C. network protector. 


‘Tue engineer on A.C. net work 
equipment has found Dosserts a help 
toward substantial construction. 


On the Network Protector above, pho- 
tographed on the lines of the Milwaukee 
Railway & Light Company, the Dos- 
serts, connecting cable to studs, have 
provided not only proper electrical con- 
nection but also a fine appearance. 


On all wiring work—connecting cables, 
stranded or solid wires, rods and tubing, 
there are Dosserts to aid you in sub- 
stantial construction. 


The Dossert book gives you full data, 
not only for the line, but also on wires 
and cables. 


Write for a copy. 


DOSSERT & CO., H. B. Logan, Pres., 242 W. 41st St., New York 


It’s a 


DOSSERT 
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THE NEW PACIFIC ELECTRIC 
FRAME MOUNTED 69,000 VOLT 
OIL CIRCUIT BREAKER 


Oil Filled Type Bushings. 
Complete Phase Isolation. 


High Speed on Both 
Opening and Closing 
Strokes. 


Welded Steel Tops and 
Tanks. 


Hydraulic Tank Hoist. 


Motor Wound, Spring 
Actuated Control. 


New Control Shaft Drive, 
Many Ball and Roller 
Bearings. 


Six Horizontal Breaks in 
Series per Phase. 


Sturdy Rolled Bakelite 
Rotating Unit. 


Bus Bar Copper Contact 
Shoes. 


Motor Control can be 
Operated by Small Storage 
Battery Unit. 


PACIFIC ELECTRIC 
Type RD-42, 69,000 Volt, 
600 Ampere Oii Circuit Breaker 
with Type MW-30 Motor Control 


69,000 VOLTS, 600 AMPERES. FURNISHED FOR 
500,000 AND 1,000,000 KVA. RUPTURING CAPACITY 


Pacific Electric )fanufacturing Corp. 


Bay View, San Francisco, Cal. Dunes Highway, Gary, Indiana 
30 Church St., New York City 1700 Sansom St., Philadelphia, Pa. 
{\ Allen Building, Dallas, Texas Dwight Building, Kansas City, Mo. L\ 


vy H. W. Hellman Bldg., Los Angeles, Cal. Symes Building, Denver, Colo. : o 
/\ /\ Liggett Building, Seattle, Wash. Plymouth Bldg., Minneapolis, Minn /\ /\ 
89 Broad St., Boston, Mass. Bedell Building, Portland, Ore 
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ae etieitnd otrength to Withstand Strain. 


It is not sufficient that submarine cables transmit current 


efficiently. In addition, their construction must embody 
; proved principles of construction, to enable the withstand- 
| ing of terrific strains and stresses. Cables of the American 


Steel & Wire Company, in use throughout the world, have 
demonstrated their superiority in every way — rendering 
longer service and lowering maintenance costs. Whether 
you need standard or special cables for submarine, over- 
head or underground use, you will find us ready to serve 
you efficiently and economically. 


What happens 
when a ship's 
anchor tangles 
up with a cable 


is graphically 
illustrated here. The 
cable in question, a 
product of the American 
Steel & Wire Company— 
although badly twisted— 
continued to operate 
efficiently. 


B ASURICAN SIREL RIRE LOMPAN 


# 100 YEARS 
of PROGRESS 


Liss 2 
ve WIRE MAKING 


AMERICAN STEEL & WIRE COMPANY 


208 South La Salle Street, Chicago SUBSIDIARY OF unre USsrares STEEL CORPORATION And All Principal Cities 
Pacific Coast Distributors: Columbia Steel Company, Russ Building, San Francisco Export Distributors: United States Steel Products Company, New York 
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Oul-Blast Explosion Chamber 
PROVED by these tests 


Rate of f Short-circuit Breaker Are Are 
recovery Line volts Rms. amperes Ky-a. duration operating duration length 
voltage rise Duty kv. initialin are —_ interrupted cycles time cycles cycles in. 


270 Volts Breteler aides Ord OO Stara tas 
per re ei aiena oie BO sera ie 83520003 nce 
microsecond Leas Pelee n esis eee 6 ONO CUDrent TeCOrds’.1u, 
efits ic tapen dco O00 Kent aa ae 

... +. 860,000. . 
AMEN: oc au oe 
a= t,080;,000—. te 
TiO42°000.) can sere « 
deve LROSOL000 Nee ararets 
SS MGOOWOD, oo 
ote 154050008 a1. cee 
sual ,OOOs000 mani riek 
PEIN UU re eaeiocin 
Kaese090,0002F ea... 
1° 735(000 eae 


oro 


09 29 
ww 


WUD O_O PP eB O9 Co 

PAAMAMAHMNARARHA AM 
SORSSSSOSOSS: ae 
$9 20 WO CIO TOTO HA I Go 19 G9! Co SO 
SOROOROaMIDHS: SS 
DEO TRO TTPO TTT 
PWACUWORE COON WO 


STOUR OUR VRB Or Or OC ST: 
Sr Sr rio GSO NN? 


600 Volts coe Be esria Seen W Ravoyey wimarer (3.7200 Oc catresmier: 
per as 
microsecond 


PARAIIAAN 
HSOSSo5uS 
NAMA AAIWK 
&NototoaNoN 
G9 20 20 G9 Co Oo 
SAVANASoAH 
+ $LErx.40 & GH  & 
KAawarnooHo 


The Philo Station on the 132-kv. sas aes Ba oA rete 
system of the Ohio Power Company 2400 Volts Pick cae 2,800. fa se 080.000 nen aay ar: 
was used as the proving ground for per OVE D140 He see 800,000....... 
the new oil-blast explosion chamber. microsecond Roa 4O sae cal aerstehe Seen 8005000 Ney n Oe 
The tests were conducted by cour- TYR go Ms ee 00h oni oooh ey 
tesy of the American Gas and Elec- Lee TAO pee hee taeda G85 O00 mee: 
tric Company. BGO ile OWE cea peroren eae remerenten 02s O00 m ra see ors dis 
Immediately after the 40 tests and a Pee tee a ee pa nce : 
before any inspection had been made, Tess 000m 
the circuit breaker interrupted the 
charging current of two different 
lines from the Philo Station four 
times. The average arcing time was 
2.7 cycles with a maximum of four 
cycles and an average arc length of 
3.2 inches. 


OE Sane iOae 
52. & WIE S00 99 { GES G0 & 00 00 


AOUSOUAASSASONAS 
NSU CLOUD ke Gu itiat olen) ove 
PD WOM SAW WO PNW www 
9 He 09 CO pe 20 Or Ov Or I CO 
LOU OURO) SES OSE ROSY SES Cu 20 
Pete Sach 
SWRIOMOHOWANTME SION 


DDAANHAADWOIDNOANRAR 


Ce Wet 


cee 068:000 42. ee 


H= are tabulated the results of the 40 tests made on a General Electric Type 
FHKO-139 oil circuit breaker equipped with oil-blast explosion chambers. 


A summary shows that, for voltage-recovery rates of 270 and 600 volts per 
microsecond, the normal condition in actual service, the average arc duration was 
3 cycles; the average arc length was 5.6 inches; the time of breaker operation 
averaged 5.5 cycles; and the line voltage was 140 kv. 


Further analysis of the tests shows that, even for a voltage recovery rate of 
2400 volts per microsecond, the maximum obtainable and a condition seldom 
realized in actual service, the arc duration, arc length, and time of breaker oper- 


ation were consistently small. 


JOIN US IN THE GENERAL ELECTRIC 


PROGRAM, BROADCAST EVERY SAT- The concentration of power for these tests reached a value of nearly 1,750,000 
URDAY EVENING ON A NATION- , j ‘ 
WIDE N.B.C. NETWORK kv-a., the greatest ever made possible for short-circuit tests at any voltage. 


470-23. 


GENERAL@ ELECTRIC 
SWITCHGEAR 
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BUS CLAMPS 


for Wire and Cable 
Type “S” 


A Bus Support 
aidan arp le 
Clamp of high 
mechanical 
strength, wide, 
round edge 
clamping sur- 
face. Hardware : 
made of non-magnetic parts with single 


bolt clamp. Easy to assemble. 


Cleat Type 
Bus Support for 


high= vot ta gie 
switchboard 
construction. The 
advantage of this 
design is the 
greater length of 
the surface leak- 
ae erp atl tO 
ground. Round 
edge clamping surface and adjustable 


clamping members. 


Orders shipped 
Promptly—See 
Section 3200 of 
the Catalog of 


RAILWAY anp INDUSTRIAL 
ENGINEERING CO., GREENSBURG, PA. 


Boston Dallas New York Seattle 
Birmingham _ Detroit Philadelphia Toronto 
Buffalo Indianapolis Pittsburgh 

Charlotte Kansas City St. Louis 

Chicago Los Angeles San Francisco 
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Néw Color sStheme 


fo r 


CONTROL CABLE 


Tracer Stripes 
3 Carriers Wide,@ Ends and 2 Ply 
f 7 


Red Black 


Three Color Tracer Set-Up of Cable No.2é 


Base Tracer Tracer Base Tracer Tracer 


. Black - Blue Red 

. White - Red Green 

Red - Orange Green 

Green . Black White 

. Orange - White Black 

. Blue - Red Black 

. White . Green Black 

- Red - Orange’ Black 

. Green - Blue Black 

. Orange - Black Red 

.- Blue . White Red 

. Black i . Red Black 

. Red i . Green Black Orange 
. Green i . Orange Black Green 
. Blue i - Blue White Orange 
. Black . Black White Orange 
. White . White Red Orange 
- Orange . Orange White Blue 

. White Red Blue 


According to a recent announcement, the above 
color scheme for control cables has been adopted by 
the N. E. L. A. electrical apparatus committee and 
the N. E. M. A. power cable group. The list shows 
the new color and tracer stripe arrangements which 
are expected to facilitate installation and result in 
economies of purchase. 


Simplex Control Cables conform to the standard 
color scheme adopted above and may consist of any 
specified number of conductors, each insulated with 
a rubber compound and covered with a colored braid. 
The insulated braided conductors are spiraled to- 
gether and covered with a tape and braid, or with a 
tape and lead sheath, as specified. 


This type of cable is recommended for the control 
of electrical apparatus operated at a distant point. 
It is used to control switches, signal lights, ete., in 
remote substations that are operated from the main 
station. 


More complete information will be furnished on 
request. 


SIMPLEX WIRE & CABLE © © 


MANUFACTURERS 
201 DEVONSHIRE ST., BOSTON 
BRANCH SALES OFFICES 


CHICAGO, 564 W. Monroe St. SAN FRANCISCO, 390 Fourth St. 
NEW YORK, 1328 B’way CLEVELAND, 2019 Union Trust Bldg. 


PHILADELPHIA, 1227 Fidelity-Philadelphia Trust Building 
JACKSONVILLE, 417 Barnett National Bank Building 
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TRANSFORMERS 


A 60,000 kVA. Unit 
at Willesden Substation 


@ FERRANTI, Ltd. FERRANTI, Inc. FERRANTI, Ltd. 
26 Noble Street 130 West 42d Street Hollinwood 
Toronto New York England 
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MINERALLAC 
STATISCOPES 


OXIDE-RECTIFIER VOLTMETERS 


Type 427-F ALTERNATING-CURRENT VOLTMETER 


Safety devices for the protection 


. LTERNATING-CURRENT voltmeters employing a 
of the Electrical Worker A 4 


copper-oxide rectifier and a d’Arsonval meter move- 
ment are, for many purposes, superior to dynamometer 
instruments. This is so particularly where a wide band 
of frequencies is to be covered. 

The meter illustrated, for example, is accurate to 
within 2% up to 3000 cycles per second, within 5% to 
3000 cycles per second, and within 10% to 10,000 cycles 
per second. It has a full-scale range of 5 volts and a 
sensitivity of 2000 ohms per volt. 


~ Price $75.00 


Send for a copy of Catalog F-J6 which describes 
our complete ‘line of oxide-rectifier voltmeters 
and-other measuring instruments. 


GENERAL RADIO COMPANY 


Offices - Laboratory - Factory 


POCKET TYPE 


Intended for all-round testing 
where a sensitive instrument is 
desired. Especially adapted for 
use on underground cable work. 

2000 Volts and Up. 
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Trade ‘“E}SCO” Mark 


ELECTRIC SPECIALTY CO. 


Engineers and Manufacturers 


DESIGN — 
DEVELOP — 
PRODUCE — 


Q CAMBRIDGE A | MASSACHUSETTS 

Ss 
Bw 

o SUNN TUTTE 

~ = = 

1°) = = 

am 2 Use the : 

® = = 

<< = = 

& 2 ENGINEERING SOCIETIES : 

2 _ EMPLOYMENT SERVICE | 

‘ 3 = when you need to fill important 2 

For use in Stations and Sub- = executive or engineering positions. = 

stations and on outdoor high- = A 2 

: = It saves time. = 

voltage equipment. = . : ; = 

Designed to give indication t supplies qualified men. = 

of Alternating Current poten- 2 =: The Engineering Societies Employment = 

tials of 2000 Volts and up. = § Service = 

$ = = 33 West 39th St. 205 W. Wacker Dr. 57 Post St. = 

Exact length 24 inches. = = New York Chicago San Francisco = 

= En 

= Serr TTT TTT TTTTTTTTTTTTTTICTTINTLTTTTUCTTULC UCU TUUUCOUUUCLOUUUUOUUUUCUUUULIUUUOLUUUOLUUUUUCUOUUCUUUCCUU CUCU CUCU ULL eg 


(The Station Type) 


TTT 


MINERALLAC 
ELECTRIC COMPANY 


25 North Peoria St. Chicago, III. 


Type NA ArrpLaANeE GENERATOR 


Small Motors, Generators, Dynamotors, 
Motor Generators, Rotary Converters, Etc. 
FOR SPECIAL PURPOSES—Send Us Your Problems 


: 222 South Street, STAMFORD, CONN., U.S.A. 
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ae LARGE POWER 


TRANSFORMERS LIKE KUHLMAN 
DISTRIBUTION TRANSFORMERS 


ARE 


CHARACTERIZED 


BY 4. 


LOW LOSSES .. LONG LIFE 


KUHLMAN ELECTRIC COMPANY . 


OFFICES 


Asheville, N. C. 
Electric Supply Co. 
Commerce Street 


Atlanta, Georgia 
Roy Young 
305 Bona Allen Bldg. 


Boston, Mass. 
Geo. H. Wahn Co. 
69-71 High Street 


Buffalo, N. Y. 
John E. Hoffman 
280 Carolina St. 


Chicago, Tl. 
John R. Smith 
844 Rush St. 


JUNE 1931 


Cincinnati, Ohio 
8. L. Currier 
833 Union Trust Bldg. 


Cleveland, Ohio 
Public Service Supply Co. 
627 Union Trust Bldg. 


Dallas, Texas 
F. T. Morrissey & Co. 
1008 Allen Bldg. 


Denver, Colo. 
Joy & Cox, Inc. 
314 Tramway Bldg. 


Detroit, Michigan 

Richard P. Johnson 

10-230 General Motors Bldg. 
Indianapolis, Indiana 


Scott Jaqua Co., Inc. 
202 Indiana Terminal Whse. 


Lincoln, Neb. 
Enterprise Electric Co. 
1425-35 M St. 


Los Angeles, Calif. 


Thomas Machinery Co. 


912 E. 3rd St. 


Milwaukee, Wis. 
Wm. H. Fernholz 
1043 Clybourn St. 


Minneapolis, Minn. 
Joseph L. Barnard 
2101 Blaisdell Ave. 


New Orleans, La. 
Lyman C. Reed 
708-10 Girod St. 


New York, N. Y. 
D. F. Potter, Jr. 
Graybar Bldg. 


Omaha, Neb. 
J. H. Nicholson Sales Co. 
6315 N. 33rd St. 


Philadelphia, Pa. 
J. Edward Bolich 
1015 Chestnut St. 


Phoenix, Arizona 
Frank C. Fassett 
15 East Jackson St. 


Pittsburgh, Pa. 
Continental Sales & Eng. Co. 
943 Oliver Bldg. 


Portland, Oregon 
Allied Industries, Inc. 
200 North 13th St. 


BAY CITY, MICHIGAN ’ 


Raleigh, N. C. 
W. R. Phillips 
507 Cleveland St. 


Richmond, Va. 
Edwin Wortham, Engineers 
Box 910 


San Francisco, Calif. 
C. F. Henderson 
Call Building 


Seattle, Wash. 
Equipment Sales Co. 
510 Lloyd Bldg. 


Toledo, Ohio 
Howard J. Wittman 
612 Spitzer Bldg. 


York, Pa. 
Harry W. Motter 
25 N. Duke St. 


HILMAN TRANSFORM ERS 
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M.1.F. Pole Hardware Specialties 


N. E. L. A. Convention Exhibit. Spaces 251-253. 
Atlantic City, N. J., June 8th-12th, incl. 


The central feature of our exhibit will be motion picture demonstra- 
tions of the routine of installing Williams Pole Mounts, of testing 
the strength of this construction, and of their economy as proved by 
costs of typical completed installations, obviously requiring consid- 
erably greater expense if handled by other methods of construction. 


Other M. I. F. Pole Hardware Specialties Exhibited 


Suspension Clamps for Aerial Cable—Latest type construc- 
tion, including Clamps for various weights of aerial cables, as 
standardized by the leaders in aerial cable practice in the light and 
power field, and by the Western Union Telegraph Co. Also Insu- 
lated Hangers for the messenger suspension of traffic lighting and 
other signal and control cables. 


Guying Specialties—The popular P133 and P132 Guy Hooks 
for through-bolt guying, using guy loops made up on the ground. 
Accessory Eye Nuts also providing unusually large turning radius 
for stiff steel and steel-core strands; Shull Boltless Guy Clamps: 
Heavy Duty Guy Clamps for 14” to 5/8” strands; ‘“‘Pick-up Head”’ 
Anchor Rods with adjustable take-up; J-hooks, Strain Plates, etc. 
Crossarm Gains—Of particular interest to users of full-treated 
poles. Such poles tend to depreciate first at the top, rather than 
at ground-line, particularly if gains are cut after treatment. 
M. 1. F. Crossarm Gains add years to life of top of pole. Also used 
for construction requiring otherwise that additional gains be cut in 
any standing pole. Types that eliminate bracing for short wood or 
steel transmission line arms; also types eliminating through-bolts. 
Tubular Pole Accessories—Reinforcing Clamps for ground-line 
and upper joint corrosion. Extension Clamps for pole tops to carry 
additional circuits, etc. Also Pole Mounts for bridge installations, etc. 


Also miscellaneous specialties such as Racks, Dead-Ends, High 
Line Conductor Clamps, etc. 


Full descriptive data available on request for those unable to attend. 


MALLEABLE IRON FITTINGS COMPANY 


Factory and New 
Pole Hardware Dept. England Sales Office ] Branford, Connecticut 
New York Sales Office: Thirty Church Street 
<ai> Canadian Mfg. Distributor: <a> 
‘ LINE & CABLE ACCESSORIES, Ltd., Toronto 


SITIONS UU = 


ROLLER-SMITH 


Oil Switches and Circuit Breakers 
In all types 


and forms: 


Up to 2,000 


p= 


WE «STO Ghote Oia erc 


EVERDUR 
BOLTS 


STRONGER 
THAN 
STEEL 


CORROSION 
FREE 


EVERY BOLT 
STAMPED AND 
DATED 


MILLIONS 
NOW IN 
SERVICE 


BOLTS, U-BOLTS, NUTS, WASHERS, 
LOCKWASHERS and SCREWS 


Available for immediate shipment 


BURNDY 


ENGINEERING CO. INC 


230 EAST 45TH STREET * NEW YORK 


SUES ONVOONNSUDRSRLMTOOOHUOUNOATOUOVOQQOONESUOEUUUUUUUQQQOOUOEEEETUUQUUUUOOOQUUOUUUU OULU OTA OOSS0 NEE 


INSULATORS 
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UUUUUUUQOQOQQN0000HO0AUUUUUOOQOUSOEEEEUUOOUUUUQOOQEEEEUUCCUUOEG OURO 


amperes, ; 
CANADIAN PORCELAIN CO., Ltd. 
15,000 volts Hamilton—Ontario—Canada . 
Quebec District Office London Office 
and 612 Transportation Bldg. 343 Abbey House, 4 Victoria Street 
Montreal, Qu. London, S. W. 1. = 
250 000 kva UU IULULINLIUUIUIVEUIUULUUUNUUUUUUUVIEUUUEUUULUUUOLUUULQUUUUEUUUUUUUGREUUUUUUUCURUONUUULCULUOUUUUUUUUAUUUUO OLE oT 
> 
rupturing 
capacity. 


Send for your 
copy of Bulletin 

No. AE-600. 
It gives all 
the details. 


ayEMINeaa 


INSULATORS 


The transparency of Hemingray Glass Insulators 


makes line inspection very simple. The lineman 

can tell at a glance whether the insulator is intact or not. 

Bi cotia pin gs Retain AN pen is and dielectrically 
B » Non-porous an iform in st ne 

efy moisture and age. pee rupees 


Send for Bulletin No.1. 
HEMINGRAY GLASS COMPANY 


Muncie, Indiana 


OLLER-SMITH COMP. 


Electrical Measuring and Protective Apparatus 


= MAIN OFFICE: WORKS: 
= 12 Park Place, NEW YORK Bethlehem, Penna. 


Offices in Principal Cities in U. S, A. and Canada = 
ETiUMMIINANNNNINNNIININNUVNNIOOUNNNANNNNANNNCU00400000000NS000000NN000OO00ONNOONUNOOQOQOQOOQQQOQQQOQOOQOOOOOOOOOOOOOOOOUOUOOUUOUOOOOOUOOOOEOUEOOOEOOOOOOOAOOOOOOONQN0000000000O00000Q0G0000OOONOOOOUOON DD 
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AMERICAN BRIDGE COMPANY 


Subsidiary of United States Steel Corpuration 


Manufacturers of STEEL STRUCTURES of all kinds 


General Offices: 71 Broadway, New York, N. Y. Contracting Offices in principal cities 
Export Distributor: Pacific Coast Distributor: 
United States Steel Products Co. Columbia Steel Company 
Hudson Terminal Building, 30 Church St., New York, N. Y. Russ Building, San Francisco, California 
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Satisfactory Service 


Under all conditions and in any service 
—that’s the guarantee you get with 
Moloney Quality—it’s the reason 
Moloney Transformers are being used 
more and more by both large and 
small power and light companies 
throughout the country. 


MOLONEY ELECTRIC COMPANY 
Main Office and Factories: ST. LOUIS, MO. 
Sales Offices in Principal Cities 


TRANSFORMERS 
KEARNEY 


SUIT 


= 
= 
= 


ai 


24 


“TW” 2.3 K.V. 


INDOOR TYPE 


TERMINATORS 


A design requiring mini- 
mum indoor installation 
space for maximum safety 
and efficiency. 

The space saving so 
important in station con- 
struction is accomplished 
by the use*of a molded 
cover employing material 
closely approaching porce- 
lain in its electrical properties and mechanically 
stronger. 

Designed for either oil or compound filling, 
they are vacuum-tight and will withstand a hot 
oil pressure of 50 pounds per square inch with 
oil at 180° F. 


(Ask for Bulletins) 


; Ny QY 8 SN Nay NS 
Della- Star ‘lectric Co 
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2400 BLOCK, FULTON ST., CHICAGO 


PTOI UDO UTD TUTTO UU UO TUTTO U COU LULLED LULU ULL. L LLL LoL 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


TTTTTUOUULLINOUUOUOOUUOUULUUULLLO UU LUUCOUUULUCHOCULLULUUUOLLUCUCULLUIUEULLCCUUULLUOOULLCCACULULLLO LLL CULL LLU eCULLC LLL LLL 


iz 


val 
S<PY 


i, SA 
Wan 


78 
vad 


ai 


FUSE-SWITCHES 


OTHER KEARNEY PRODUCTS 


Screw Anchors—4 in 1 Expansion Anchors— 
Guy Wire Clips—Double Duty Cutouts— 
Solderless Wire Connectors—Single Insula- 
tor Fuse-Switches—Fuse Choke Coil Com- 
binations—Sleeve Twisters—Live Line Tools 
and Accessories. 


Complete Catalog Sent On Request 


JAMES R. KEARNEY CORPORATION 
4220 CLAYTON AVE. » » + 7 + ST. LOUIS, MO. 
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WS 


Thomas Quality 


PORCELAIN INSULATORS 
LINE HARDWARE 
WIRING PORCELAINS 
and 


Porcelain Specialties 
ae oe ey 
merican Standard since '73 


\ 


i 


Chicago 
London 
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A Disturbanee on the Line! 


... and within Vo cycle 
it is being recorded 


This new automatic oscillograph solves the problems incident to 
the practice of clearing short circuits with extreme speed. With 
present-day oil circuit breakers having an arc-rupturing time 
of eight cycles or less, and relays which operate in 14 of that 
time, an oscillograph to be useful must start recording in less 
than % cycle. {This instrument provides definite knowledge 
as to the magnitude of currents that exist during accidental 


Join us in the General Elec- short circuits. It affords a check on short-circuit calculations, 


tric program, broadcast ; i : ; 
every Saturday evening on a on the rupturing duty of circuit breakers, and on relay settings. 


nation-wide N.B.C. network With the advent of high-speed switching and relaying, it pro- 
vides the means of keeping a continuous check on the actual 


speed of the relays and circuit breakers under operating 
conditions. 


This oscillograph has six elements, any of which may be used for voltage or 


current. Records are made not on photographic film, but on special 
GEN E R AL sensitized paper, giving black records on white background. Paper rolls are 
200 feet long; paper speed is 12 inches per second. A large number of 
records can be obtained without any attention to the instrument between 


operations. Each operation can be signaled by a bell or annunciator. It is 
| / I y | / (& R arranged for use as either a poriable or switchboard instrument. 


610-60 
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MER 
RAY 


lransformers 


for every requirement 


Are you familiar with the wide assortment of transformers voltage equipment for testing, precipitation, and rectifiers ; 
which AmerTran is prepared to supply? high-current apparatus for heat control, welding, and 
testing; air-cooled units for lighting, power, phase 


Illustrated is a 750 kva. heating transformer designed elianeinie naududinte bation: 


especially to supply power for a furnace io melt copper 
. « . it is typical of the heavy-current units which we 
build in sizes up to 1500 kva. 


In addition, in serving industry for 29 years, we have AMERICAN TRANSFORMER COMPANY 


furnished transformers for every requirement, viz.—high- 180 Emmet Street Newark, N. J. 


AmerTran engineers welcome the opportunity of being of 
service on all transformer problems. 


AMERTRAN TRANSFORMERS @ 


Motor conirol that is: BASS wie a Crs | 
‘independent of’ weather —_ \nterpole & Ball Bearing - 
| Motors : 

¥4 to 1000 H. Pe D. C. and A. C. : 


(THERE'S no need to worry about the placing of equipment, 
if you’re figuring on Rowan oil immersed Control. 


66g 
Mount it right out in the weather, if you like; rain, snow Ghee 
or excessive heat have no effect upon its operation. Place it a. 
on the wall of the vat room where vapor or corrosive fumes Bearing 
envelop it every day—you can rely upon its dependable per- Motor 


formance no matter where it is placed. 

ye Rowan oil immersed Control is weather proof, dust-tight, 
vapor proof—ruggedly built for service in plants where un- 
ietercupted operation is imperative and production delays 
costly. 

» Bulletins and prices of Rowan Control equipment promptly 
sent upon request. 


ROWAN CONTROL 


ELECTRO DYNAMIC COMPANY 


Manufacturers of Ball Bearing Motors Since 1904 


BAYONNE, N. J. 


Sales Offices in Principal Cities 


“Quality for Malf a Century” 
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THE ROWAN CONTROLLER CO., BALTIMORE, MD. 
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Chart shows normal Diverter Pole 
Generator performance from 
February 26 - March 5, 1931, at 
Magazine Steam Plant of the 
Southeastern Production Co., near 
Mobile, Alabama. 
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THE BRISTOL COMPANY, 
WATERBURY, CONN, 


BATTERY CHARGER 


ERATOR 


RUNS AS 
MOTOR SAFELY 


y 
L 


Generator floating with 60 cells 
EMGO-9 battery. 


**NO MANUAL ADJUSTMENT of any 
kind has been made on this machine 
since battery was given an equal- 
izing charge several weeks ago.”’ 


Also Manufacturers of Low Voltage Electroplating Generators, 
variable speed D.C. Motors and Motor-Generators of all kinds. 


The &lectric Products Co. 


CLEVELAND, OHIO 
1725 Clarkstone Road 


New York Office 


126 Liberty St. 
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N the past twenty years many . 


standards have become flexible, 


and quality has become a vari- 
able thing... But, throughout this 
period NORMA-HOFFMANN 
Precision Bearings have con- 
tinued to be the choice of 
those who measure value by 
service rendered, and who seek 
the lowest cost per bearing 


per year of useful bearing life. 
V | 
NNVKMA-AVFFMANK, 


PRECISIUN BEARINGS 


NORMA-HOFFMANN BEARINGS CORPORATION 
STAMFURD CONN.,US.A. 
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L. _. e 
ELECTRITE 


A high grade fibre board 
for electrical insulation. 


A material of quality pos- 
sessing high tensile and 
dielectric strength. 


Tested and approved by 
the Underwriters’ Labora- 
tories. 


Pulp Products Department 


WEST VIRGINIA 
PULP & PAPER COMPANY 


35 East Wacker Drive 
Chicago, Ill. 


230 Park Avenue 
New York, N. Y. 


VVORKMANSHIP 
the : 
secret 
of 


our 


PERFECT. 
INSULATORS 


Just as workmanship varies, so does 

quality of material of which there 

are several—to be _ intelligently 

chosen on the basis of the require- 

ments of the particular job in hand. 
Ask for book and samples 


AMERICAN LAVA CORP. 
27-67 Williamson St. 


Chattanooga, Tennessee 


Manufacturers of Electric and Heat Resistant Insulators 
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Progress — 


For Balancing Crank- 
shafts, Fans and Blowers, 
Pump Impellers, Electric 
Armatutres, Turbine 
Rotors, etc. &@ & & 


The findings of the research that 
enabled us to build a new and 
better Olsen-Lundgren Dynamic 
Balancing Machine are contained 
in this recently published treatise 
(price $1.00) on Testing and Dy- 
namic Balancing. A compilation 
of data invaluable to the designer 
and builder of modern machines. 


A few of the reserve copies of this 
work are still available for ex- 
ecutives directly concerned with 
production. Write us on your 
business letterhead. 


THE LATEST 


OLSEN— 


LUNDGREN 


DYNAMIC 
BALANCING MACHINE 


Faster, more easily operated and—if possible—more 
accurate, this new Olsen-Lundgren Electric Spark- 
Horizontal Cradle Type Dynamic Balancing Machine 
with Push Button Control marks another step for- 
ward in this important testing operation. 


Angular position of dynamic unbalance is indicated 
on spark dial; compensating weight is applied and 
adjusted to proper angle and amount by simple elec- 
tric control; accurate readings of unbalance are taken 
without stopping the machine. 


Five sizes to balance rotors weighing from 10 ,to 
10,000 pounds. 


TINIUS OLSEN TESTING MACHINE CoO. 
500 North 12th Street, PHILADELPHIA, PA. 
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| p ional Engi ing Directory 
= roressiona mg peering rector z 
2 FARLEY OSGOOD = 
= ALLIED ENGINEERS, Inc. FRANK F. FOWLE & CO. = 
= Consultant = 
= : f ; Design, Construction, Operation = 
a Engineers and Constructors Electrical and Mechanical Inter-Connection = 
= ° = 
= Engineers PUBLIC UTILITIES a 
= W YORK = 
= ab, FING aE Ne National Bank of Commerce Building a 
= | Birmingham, Ala. Jackson, Mich. 221 No, La Salle Street CHICAGO el heen ate Oca oaeni 
= AMBURSEN DAMS FREYN ENGINEERING COMPANY SANDERSON & PORTER = 
= Hydroelectric Developments ; . 2 
= 7 Nant Industrial Electric Power aa ae = 
= Water Supply and Irrigation Dams Generation—Application—Purchase ope = 
= DAMS ON DIFFICULT FOUNDATIONS eae > alata cla RT NANCIE NE aly) 
= AMBURSEN CONSTRUCTION CO. Dee oe eee CNS of a 
= ce Incorporated epee Electric Furnace Installations INDUSTRIALS and PUBLIC UTILITIES = 
= t inal, r = 
= Kansas City, Mo. a Atlanta, Ga. 310 South Michigan Ave. CHICAGO Chicago New York San Francisco = 
Z BATTEY & KIPP HOOSIER ENGINEERING SARGENT & LUNDY E 
= Incorporated COMPANY Incorporated = 
= ENGINEERS Erecting Engineers ENGINEERS = 
= & nee JS edee Sane Transmission Lines, Substations z 
= ower Plants ectrical Installations 3 =| 
= Engineering Reports, Analyses & Appraisals 100 W. Monroe St., Chicago, IU. 40 RO EN ee er ae = 
= 225 Broadway, New York CHICAGO, ILLINOIS = 
= 231 South LaSalle Street CHICAGO Smith Tower, Seattle, Wash. - = 
= BLACK & VEATCH - nevtstorea?; DORAL = 
— ist ee . ti = 
= , . JACKSON & MORELAND Chartarcd British Patent Accat ase = 
2 Consulting Engineers Registered Canadian Patent Attorney = 
2 Water, Steam and Electric Power Investiga- CONSULTING ENGINEERS Patents, Trade Marks and Designs = 
= tions, Design, Supervision of Construction, in Great Britain, the British Colonies and = 
= Waliationvandciosts: Dominions and all European countries = 
= nt, Park Square Building Boston, Mass 1, Great James St., Bedford Row, = 
= Mutual Building KANSAS CITY, MO. . ‘ LONDON, W. C. 1, England = 
2 | ROBERT C. BURT, 5.5, Ph.D. E 
: ROBERT S. KRUSE JOHN A. STEVENS, INC. | = 
= |DONALD H. LOUGHRIDGE, Ph.D. Established 1909 = 
= Consulting Physicists Consultant for Radio CONSULTING ENGINEERS = 
a Designers and Makers of Stations and Manufacturers Power Plants Paper Mills Ay 
= Scientific spores er Le 103 Meadoebrek Road Telephone Dye Houses Surveys = 
= 327 So. Michigan Ave. Gulitoriia West Hartford, Conn. Hartford 4-5327 LOWELL, MASSACHUSETTS = 
2 |BYLLESBY ENGINEERING AND W. S. LEE ENGINEERING = 
2 | MANAGEMENTCORPORATION CORPORATION STOCKBRIDGE & BORST | 32 
= Wholly-owned Subsidiary of Specialists in the Design, Construction and = 
= (Standard Gas and Electric Company Operation of Hydro-Electric Stations, Patent Law =| 
= large Central Steam Stations, = 
= 231 South La Salle Street and Transmission Lines. = 
= CHICAGO me = 
= 535 Fifth Avenue Power Building = 
= New York Pittsburgh San Francisco NEW YORK CHARLOTTE, N. C. ap Rest Ose. Street NEM OE 2 
: EDWARD E. CLEMENT N. J. NEALL THE J. G. WHITE 2 
2 Rg eRe Fay ee ee ENGINEERING CORPORATION] = 
= onsultin ngineer A 

2 Attorney and Expert i 8 Engineers—Constructors 

= in Patent Causes 3 AShek, ‘ Oil Refineries and Pipe Lines, 

= Soliciting, Consnitedon, Reports, Electrical and Industrial Properties Steam and Water Power Plants 

= pinions ; Transmission Systems, Hotels, Apartments 

=| McLachlen Bldg. Washington, D. C. cide ad atid 5 Et Broad Sireet Offices and Industrial Buildings, Railroads 

2 700 10th St., N. W. BOSTON, MASS. NEW YORK CITY 43 EXCHANGE PLACE NEW YORK 
sp NEILER, RICH & CO. J. G. WRAY & CO. 

= DAVID V. FENNESSY Engi 

= Electrical and Mechanical ie eta 

: J. G. Wray, Fellow A.I.E.E. Cyrus G. Hill 

= 7 . Engineers mies : : 

= Consulting Power Engineer f oS Utilities and Industrial Properties 

= Consulting, Designing and Appraisals Construction Rate Surveys 

= Supervising oe ie Organizations Estimates 

= inancial Investigations Management 

= 0 t T EL PASO, TEXAS ee ; 

= sony hasaeece ye ani SST Sen Dear torsiet: Chicago 2130 Bankers Bldg., Chicago 
TO mm Tc 
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A new Slant 
on an old Idea 


“Tt does not take much strength to do 
things, but it requires great strength to 
decide on what ts best to do.” 


.. . and this is the text for today’s U-RE- 
LITE preachment. The universal approval 
which buyers of electrical protection have 
given U-RE-LITE has convinced the en- 
tire electrical industry of one thing: that 
I-T-E Engineers have always known what 


was best to do — and then did it. 


“Tt does not take much strength to buy 
a thing, but it requires great strength 
to decide the BEST THING TO BUY.” 


I-T-E CIRCUIT BREAKER COMPANY, 
Birmingham, Crawford Bldg.; 


19TH anD HAMILTON STS., 


How forcibly this applies to the matter of 
electrical protection. For the sake of a few 
dollars more, no man is going to forego 
the satisfaction of knowing that he has 
bought the best. That’s why it is so easy 
to sell U-RE-LITES, for just as there is 
no substitute for quality, likewise there is 


no substitute for I-T-E Protection. 


When you need short circuit protection 
you need it completely —which is just an- 


other way of saying: 
“INSTAL USRE-ViriEns. 


which, after all, is the best thing to do. 


PHILADELPHIA 


Boston, 201 Devonshire; Buffalo, Ellicott Sq. Bldg. ; Chicago, 333 N. Michigan 


Ave.; Cincinnati, Union Trust Bldg.; Cleveland, Terminal Tower Bldg.; Dallas, Burt Bl dg.; Denver, Tramway 
Bldg.; Detroit, Penobscot Bldg.; Duluth, Providence Bldg.; Kansas City, Midland Bldg. ; Los Angeles, 106 W. 
3rd; Minneapolis, Bey Nae Bldg.; Montreal, 151 Lagauchetiere St. West; New Orleans, 708 Girod St.; New 


York, 12 E 


Omaha, Electric Bldg.; Albee ea op 1505 Race; Pittsburgh, Grant Bldg.; St. Louis, 


Bank of Commerce Bldg.; San Francisco, Call Bldg.; Seattle, 802 33rd Ave.; Tulsa, 1619 South Columbia Place: 
Toronto, 9 Duke Street; Vancouver, 500 Beatty Street; Winnipeg, National Cartage Office Building. 
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Index to Advertised Products 


AIR COMPRESSORS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady 
Western Electric Co., All Principal Cities 


AMMETER COMPENSATING COILS 
Minerallac Electric Co., Chicago 


AMMETER, VOLTMETERS 
(See INSTRUMENTS, ELECTRICAL) 


ANCHORS, GUY 
Copperweld Steel Co., Glassport, Pa. 
Kearney Corp., Jas. R., St. Louis 


BALANCING MACHINES 


Static Dynamic 
Olsen Testing Machine Co., Tinius, Phila- 
delphia 


BATTERY CHARGING APPARATUS 
Electric Products Co., Cleveland 
Electric Specialty Co., Stamford, Conn. 
General Electric Co., Schenectady 
Wagner Electric Corp., St. Louis 
Ward Leonard Electric Co.,Mt. Vernon, N.Y. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 


BEARINGS, BALL 
Noia- Hofmann Bearings Corp., Stamford, 
onn. 


BOXES, FUSE 
Bull Dog Electric Products Co., Detroit 
Delta-Star Electric Co., Chicago 
General Electric Co., Schenectady 
Kearney Corp., Jas. R., St. Louis 
Metropolitan Device Corp., Brooklyn, N. Y. 
Western Electric Co., All Principal Cities 
Westinghouse Eiec. & Mfg. Co., E. Pitts- 

burgh 


BOXES, JUNCTION 


G & W Elec. Specialty Co., Chicago 
Metropolitan Device Corp., Brooklyn, N. Y. 


BRUSHES, COMMUTATOR 
Carbon 
Morganite Brush Co., Inc., L. I. City, N. Y. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Copper Graphite 
Morganite Brush Co., Inc., L. I. City, N. Y. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


BUS BARS, ALUMINUM 
Aluminum Co. of America, Pittsburgh 


BUS BAR FITTINGS 


Burndy Engineering Co., Inc., New York 

Champion Switch Co., Kenova, West Va. 

Delta-Star Electric Co., Chicago 

General Electric Co., Schenectady 

Ohio Brass Co., Mansfield, O. 

Railway & Ind. Engg. Co., Greensburg, Pa. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


BUSHINGS, PORCELAIN 


Ohio Brass Co., Mansfield, O. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


CABLE ACCESSORIES 


Champion Switch Co., Kenova, West Va. 
Delta-Star Electric Co., Chicago 

Dossert & Co., New York 

G &W Electric Specialty Co., Chicago 
General Electric Co., Schenectady 
Minerallac Electric Co., Chicago 
Western Electric Co., All Principal Cities 


CABLE RACKS 
Metropolitan Device Corp., Brooklyn, N. Y. 


CABLES 
SEE WIRES AND CABLES 


CABLEWAYS 


American Steel & Wire Co., Chicago 
Roebling’s Sons Co., John A., Trenton, N. J. 


CASTINGS, ALUMINUM 
Aluminum Co, of America, Pittsburgh 


‘« name on our 
4 mailing list 
“SA ‘for bulletins 
~ and catalog? 


Pm 


CIRCUIT BREAKERS 


Air—Enclosed 
Condit Elec. Mfg. Corp., Boston ‘ 
I-T-E Circuit Breaker Co., The, Philadelphia 
Roller-Smith Co., New York 
Ward Leonard Electric Co.,Mt. Vernon, N. Y. 
Western Electric Co., All Principal Cities 


Oil 
Condit Electrical Mfg. Corp., Boston 
Delta-Star Electric Co., Chicago 
General Electric Co., Schenectady 
Roller-Smith Co., New York : 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh ; 


CLAMPS, GUY & CABLE 
Burndy Engineering Co., Inc., New York 
Kearney Corp., Jas. R., St. Louis 
Malleable Iron Fittings Co., Branford, Conn. 
Railway Ind. & Engg. Co., Greensburg, Pa. 


CLAMPS, INSULATOR 
Champion Switch Co., Kenova, West Va. 
Delta-Star Electric Co., Chicago 


COILS, CHOKE 
American Transformer Co., Newark, N. J. 
Delta-Star Electric Co., Chicago 
General Electric Co., Schenectady 
Kearney Corp., Jas. R., St. Louis 
Railway & Ind. Engg. Co., Greensburg, Pa. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 


COILS, MAGNET 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


COMMUTATOR SEGMENTS AND RINGS 
Mica Insulator Co., New York 


CONDENSERS, RADIO 
General Radio Co., Cambridge, Mass. 


CONDENSERS, STEAM 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


CONDUIT, UNDERGROUND FIBRE 
Western Electric Co., All Principal Cities 


CONNECTORS SOLDERLESS 
Delta-Star Electric Co., Chicago 
Dossert & Co., New York 
Kearney Corp., Jas. R., St. Louis 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


CONNECTORS AND TERMINALS 
Burndy Engineering Co., Inc., New York 
Champion Switch Co., Kenova, West Va. 
Delta-Star Electric Co., Chicago 
Dossert & Co., New York 
G & W Electric Specialty Co., Chicago 
Railway & Ind. Engg. Co., Greensburg, Pa. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 


CONTACTS, TUNGSTEN 
General Electric Co., Schenectady 


CONTROL SYSTEMS 
Ward Leonard Electric Co., Mt. Vernon, N. Y. 


CONTROLLERS 
Electric Controller & Mfg. Co., Cleveland 
General Electric Co., Schenectady 
Rowan Controller Co., Baltimore, Md. 
Ward Leonard Electric Co., Mt. Vernon, N. Y. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


CONVERTERS—SYNCHRONOUS 
Allis-Chalmers Mfg. Co., Milwaukee 
Electric Specialty Co., Stamford, Conn. 
Wagner Electric Corp., St. Louis 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 


COPPER CLAD WIRE 


American Steel & Wire Co., Chicago 
Western Electric Co., All Principal Cities 


| 
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COPPERWELD WIRE 
Copperweld Steel Co., Glassport, Pa. 


CUT-OUTS : 
Bull Dog Electric Products Co., Detroit 
Condit Electrical Mfg. Corp., S. Moston 
Delta-Star Electric Co., Chicago 
General Electric Co., Schenectady 
G & W Electric Specialty Co., Chicago 
Kearney Corp., Jas. R., St. Louis 
Metropolitan Device Corp., Brooklyn, N. Y. 
Wagner Electric Corp., St. Louis : 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 


DIMMERS, THEATRE 
Ward Leonard Electric Co., Mt. Vernon, N. Y. 


DIVERTER POLE GENERATORS 
Electric Products Co., Cleveland, O. 


DYNAMOS 
(See GENERATORS AND MOTORS) 


DYNAMOTORS 
Electric Products Co., Cleveland, O. 
Electric Specialty Co., Stamford, Conn. 


capper et SUPPLIES, STEAM 
General Electric Co., Schenectady 


Ohio Brass Co., Mansfield, Ohio : 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh 
ENGINEERS, CONSULTING AND CON- 
TRACTING 
(See PROFESSIONAL ENGINEERING 
DIRECTORY) 
ENGINES 


Gas & Gasoline 
Allis-Chalmers Mfg. Co., Milwaukee 


Oil 
Allis-Chalmers Mfg. Co., Milwaukee 
Steam 
Allis-Chalmers Mfg. Co., Milwaukee 


FANS, MOTOR 
General Electric Co., Schenectady 
Wagner Electric Corp., St. Louis 
Westinghouse Elec. & Mfg. Co., E. 
burgh 


FLOW METERS 
General Electric Co., Schenectady 


FURNACES, ELECTRIC 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. 
burgh 


FUSES 


Pitts- 


Pitts- 


Enclosed Refillable 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. 
burgh 
Enclosed Non- Refillable 

General Electric Co., Schenectady 

Open Link 
General Electric Co., Schenectady 
Metropolitan Device Corp., Brooklyn, 

High-Tension 
Metropolitan Device Corp., Brooklyn, N. Y. 
Railway & Ind. Engg. Co., Greensburg, Pa. 


FUSE MOUNTINGS 
Delta-Star Electric Co., Chicago 
Railway & Ind. Engg. Co., Greensburg, Pa. 


FUSE PULLERS 
Kearney Corp., Jas. R., St. Louis 


GEARS, FIBRE 
General Electric Co., Schenectady 


GENERATORS AND MOTORS 
Allis-Chalmers Mfg. Co., Milwaukee 
Chandeysson Electric Co., St. Louis 
Electric Products Co., Cleveland, O. 

Electric Specialty Co., Stamford, Conn. 

Electro-Dynamic Co., Bayonne, N. J. 

General Electric Co., Schenectady 

Wagner Electric Corp., St. Louis 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


Pitts- 


Nea 


Morganite 
Brush Co., Inc. 


€ 


Long Island City, 
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WHEN 
LIGHTNING FLASHES 


-.-- more than ever you'll need 
SHARPLES Protection 


MERGENCIES happen fast in “lightning season.” It is of the 
utmost importance to have available high capacity Sharples 
Transformer Oil Purifiers to help save the day. 


In this season you are not safe until normal service is restored 
and standby equipment is again ready for operation. If this is 
not done quickly the next emergency may mean a service failure. 


Service failures cost many times more in good will and money 
than the entire cost of ample protection with high capacity 
Sharples Purifiers. 


Our engineers can be helpful in recom- 


mending the equipment best suited to 


your service requirements. 


“ “ “ 


THE SHARPLES SPECIALTY COMPANY, 2324 
WESTMORELAND STREET, PHILADELPHIA. 
Boston, New York, Pittsburgh, Chicago, Detroit, 
Tulsa, San Francisco, Los Angeles, Toronto. 
Factories in England and France 
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JUNE 1931 Please mention ELECTRICAL ENGINEERING when writing to advertisers 33 


Index to Advertised Products— Continued 


GENERATING STATION EQUIPMENT 


Allis-Chalmers Mfg. Co., Milwaukee 

General Electric Co., Schenectady 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


GROUND RODS 


Copperweld Steel Co., Glassport, Pa. 
Metropolitan Device Corp., Brooklyn, N. Y. 


HARDWARE, POLE LINE AND INSULATOR 


General Electric Co., Bridgeport, Conn. 

Ohio Brass Co., Mansfield, O. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


HEADLIGHTS 


Ohio Brass Co., Mansfield, O. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


HEATERS, INDUSTRIAL 


General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


INDICATORS, SPEED 


Roller-Smith Co., New York 
Weston Elec. Inst. Corp., Newark, N. J. 


INSTRUMENTS, ELECTRICAL 
Graphic 
Cambridge Instrument Co., New York 
Ferranti, Ltd., Hollinwood, England 
Ferranti, Inc., New York 
Ferranti Electric, Ltd., Toronto, Ont. 
General Electric Co., Schenectady 
Roller-Smith Co., New York 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 

Indicating 
Cambridge Instrument Co., New York 
Ferranti, Ltd., Hollinwood, England 
Ferranti, Inc., New York 
Ferranti Electric, Ltd., Toronto, Ont. 
General Electric Co., Schenectady 
Jewell Elec. Instrument Co., Chicago 
Roller-Smith Co., New York ’ 
Sangamo Electric Company, Springfield, Ill. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh ; 

Weston Elec. Inst. Corp., Newark, N. J. 
Integrating 

Ferranti, Ltd., Hollinwood, England 

Ferranti, Inc., New York 

Ferranti Electric, Ltd., Toronto, Ont. 

General Electric Co., Schenectady | 

Sangamo Electric Company, Springfield, Ill. 

Western Electric Co., All Principal Cities 

Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh 
t Radio 


Cambridge Instrument Co., New York 
General Radio Co., Cambridge, Mass. 
Jewell Elec. Instrument Co., Chicago 
Roller-Smith Co., New York 
Weston Elec. Inst. Corp., Newark, N. J. 
Repairing and Testing 
Cambridge Instrument Co., New York 
Electrical Testing Laboratories, New York 
Jewell Elec. Instrument Co., Chicago 
Roller-Smith Co., New York 
Weston Elec. Inst. Corp., Newark, N. J. 
Scientific, Laboratory, Testing 
Cambridge Instrument Co., New York 
General Electric Co., Schenectady 
Jewell Elec. Instrument Co., Chicago 
Metropolitan Device Corp., Brooklyn, N. Y. 
Roller-Smith Co., New York _ ne 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh 
Weston Elec. Inst. Corp., Newark, N. J. 


INSULATING MATERIALS 
Board 
General Electric Co., Bridgeport, Conn. 
West Va. Pulp & Paper Co., New York 


Cloth 
General Electric Co., Bridgeport, Conn. 
Mica Insulator Co., New York 
Minerallac Electric Co., Chicago 2 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh ‘ 
Composition 
American Lava Corp., Chattanooga 
General Electric Co., Bridgeport, Conn. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh hee 
Compounds 

General Electric Co., Bridgeport, Conn. 
Mica Insulator Co., New York 
Minerallac Electric Co., Chicago ie 
Western Electric Co., All Principal Cities _ 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh : 

Fibre 


General Electric Co., Bridgeport, Conn. 
West Va. Pulp’ & Paper Co., New York 


Lava 
American Lava Corp., Chattanooga, Tenn. 
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INSULATING MATERIALS— Continued 


Mica 
Mica Insulator Co., New York 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Paper 
General Electric Co., Bridgeport, Conn. 
Mica Insulator Co., New York 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh 
Silk 
General Electric Co., Bridgeport, Conn. 
Tape 


General Electric Co., Bridgeport, Conn. 
Mica Insulator Co., New York 
Minerallac Electric Co., Chicago 
Okonite Co., The, Passaic, N. J. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Varnishes 
General Electric Co., Bridgeport, Conn. 
Mica Insulator Co., New York 
Minerallac Electric Co., Chicago 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


INSULATORS, HIGH TENSION 
Composition 
General Electric Co., Schenectady 


Glass 
Commins Glass Works, ‘‘PYREX,’’ Corning, 


Hemingray Glass Co., Muncie, Ind. 
Porcelain 
Canadian Porcelain Co., Ltd., Hamilton, Ont. 
Champion Switch Co., Kenova, West Va. 
General Electric Co., Schenectady 
Lapp Insulator Co., Inc., LeRoy, N. Y. 
Locke Insulator Corp., Baltimore 
Ohio Brass Co., Mansfield, O. 
Thomas & Sons Co., R., Lisbon, O. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Post Type 
Delta-Star Electric Co., Chicago 
Ohio Brass Co., Mansfield, O. 
Railway & Ind. Engg. Co., Greensburg, Pa. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


INSULATORS, TELEPHONE & TELEGRAPH 
Hemingray Glass Co., Muncie, Ind. 
Ohio Brass Co., Mansfield, O. 


INSULATOR PINS 
Ohio Brass Co., Mansfield, O. 
Thomas & Sons, Co., R., Lisbon, O. 


LADDERS, TRUCK 
Metropolitan Device Corp., Brooklyn, N. Y. 


LAVA 
American Lava Corp., Chattanooga 


LIGHTNING ARRESTERS 
Delta-Star Electric Co., Chicago 
General Electric Co., Schenectady 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
LOCOMOTIVES, ELECTRIC 
General Electric Co., Schenectady 


Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


LUBRICANTS 
Texas Company, The, New York 


MAGNETIC SEPARATORS 
Electric Controller & Mfg. Co., Cleveland 


METERS, ELECTRICAL 
(See INSTRUMENTS ELECTRICAL) 


METER SEALS 
Metropolitan Device Corp., Brooklyn, N. Y. 


MICA PRODUCTS 
Mica Insulator Co., New York 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
MOLDED INSULATION 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


MOTORS 
(See GENERATORS AND MOTORS) 


OHMMETERS 
. Jewell Elec. Instrument Co., Chicago 
Roller-Smith Co., New York 
Weston Elec. Inst. Corp., Newark, N. J. 


OIL SEPARATORS & PURIFIERS 
Sharples Specialty Co., The, Philadelphia 
Wpaenenerre Elec. & Mfg. Co., E. Pitts- 
urg / 


OIL TESTING SETS 

American Transformer Co., Newark, N. J. 
PANEL BOARDS 

(See SWITCHBOARDS) 


PATENT ATTORNEYS - 


(See PROFESSIONAL ENGINEERING 
DIRECTORY) 


PLATING GENERATORS 
Chandeysson Electric Co., St. Louis 
Electric Products Co., Cleveland, O. 
Electric Specialty Co., Stamford, Conn. 


PLUGS 
Delta-Star Electric Co., Chicago . 
General Electric Co., Schenectady 4 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


POLE MOUNTS 
Malleable Iron Fittings Co., Branford, Conn. 


POLE LINE HARDWARE 
General Electric Co., Bridgeport, Conn. 
Ohio Brass Co., Mansfield, O. 


POTHEADS 
Delta-Star Electric Co., Chicago 
G & W Electric Specialty Co., Chicago 
Ohio Brass Co., Mansfield, O. 
Railway &Ind. Engg. Co., Greensburg, Pa. 


PUBLIC ADDRESS SYSTEMS 
‘Western Electric Co., All Principal Cities 


PUMPS 
Allis-Chalmers Mfg. Co., Milwaukee 


RADIO LABORATORY APPARATUS 
General Radio Co., Cambridge, Mass. 
- Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


RAILWAY SUPPLIES, ELECTRIC 
General Electric Co., Schenectady 
Ohio Brass Co., Mansfield, O. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


REACTORS 
General Electric Co., Schenectady 
Metropolitan Device Corp., Brooklyn, N. Y. 


RECTIFIERS 
General Electric Co., Schenectady 
Wagner Electric Corp., St. Louis 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


REGULATORS, VOLTAGE 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts-. 
burgh 


RELAYS 
Automatic Electric, Inc., Chicago 
Condit Elec. Mfg. Corp., Boston 
Electric Controller & Mfg. Co., Cleveland 
General Electric Co., Schenectady 
Roller-Smith Co., New York 
Ward Leonard Electric Co., Mt. Vernon, N.Y. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 

Weston Elec. Inst. Corp., Newark, N. J. 


RESISTORS, VITREOUS 
Electrad, Inc., New York 
Ward Leonard Electzic Co., Mt. Vernon, N. Y. 


RESISTOR UNITS 
Electrad, Inc., New York 
General Electric Co., Schenectady 
Ward Leonard Electric Co., Mt. Vernon, N.Y. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


RHEOSTATS 
General Electric Co., Schenectady 
Ward Leonard Electric Co., Mt. Vernon, N.Y. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


ROPE, WIRE 
American Steel & Wire Co., Chicago 
Roebling’s Sons Co., John A., Trenton, N. J. 


SEARCHLIGHTS 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


SLEEVE TWISTERS 
Kearney Corp., Jas. R., St. Louis 


SOCKETS AND RECEPTACLES 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


SOLENOIDS 


Electric Controller & Mfg. Co., Cleveland 

General Electric Co., Schenectady 

Roebling’s Sons Co., John A., Trenton, N. J. 

Roller-Smith Co., New York 

Ward Leonard Electric Co.,Mt. Vernon, N. Y. 

wWentingkes Elec. & Mfg. Co., E. Pitts- 
urg 


° 


SOUND DISTRIBUTION SYSTEMS 
American Transformer Co., Newark, N. J. 


SPRINGS 
American Steel & Wire Co., Chicago 
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Power Cables - Paper; Cambric; Rubber 
» Submarine Cables » Tree Wire » 
Parkway Cable » Service Cables » 
Station Cables » Rubber Covered Con- 
trol Cables » Rubber Covered Wires 
and Cables - Braided and Leaded - 
Code: Intermediate; 30% » Slow-burn- 
ing Wires and Cables » Weatherproof 
Wires and Cables » Portable Cords 
» And a wide variety of other wires 
and cables. 


cB LI 


THE LIST to the left contains merely a few of the many types 
of electrical wires and cables made by Roebling. From the com- 
plete, widely diversified Roebling Line practically any electrical 
wire or cable need can be fully met. 


If you are unfamiliar with these Roebling Products, we would 
welcome an opportunity to supply complete information — and 
to demonstrate to you how exceptionally well-made and depend- 
able they are. 


Any Roebling office below would be glad to serve you. Stocks 
of many types of Roebling Wires and Cables are located in the 
cities listed. 


JOHN A. ROEBLING’S SONS COMPANY, TRENTON, N. J. 


Atlanta Boston Chicago Cleveland Los Angeles New York 
Philadelphia Portland, Ore. San Francisco Seattle Export Dept.. New York, N.Y. 


ELECTRICAL WIRES AND CABLES 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


35 


Index to Advertised Products— Continued 


STARTERS, MOTORS 
Condit Electrical Mfg. Co., Boston 
Electric Controller & Mfg. Co., Cleveland 
General Electric Co., Schenectady 
Roller-Smith Co., New York 
Rowan Controller Co., Baltimore, Md. 
Ward Leonard Electric Co.,Mt. Vernon, N. Y. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 


STOKERS, MECHANICAL 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


SUB-STATIONS 
American Bridge Co., New York 
Champion Switch Co., Kenova, West Va. 
General Electric Co., Schenectady 
Railway & Ind. Engg. Co., Greensburg, Pa. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


SWITCHBOARDS 
Allis-Chalmers Mfg. Co., Milwaukee 
Bull Dog Electric Products Co., Detroit 
Condit Electrical Mfg. Corp., Boston 
General Electric Co., Schenectady 
Metropolitan Device Corp., Brooklyn, N. Y. 
Roller-Smith Co., New York 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 


SWITCHES 
Automatic Time 


General Electric Co., Schenectady 
Minerallac Electric Co., Chicago 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Disconnecting 
Bull Dog Electric Products Co., Detroit 
Champion Switch Co., Kenova, West Va. 
Condit Electrical Mfg. Corp., Boston 
Delta-Star Electric Co., Chicago 
General Electric Co., Schenectady 
Kearney Corp., Jas. R., St. Louis 
Railway & Ind. Engg. Co., Greensburg, Pa. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


Fuse 
Bull Dog Electric Products Co., Detroit 
General Electric Co., Schenectady 
Kearney Corp., Jas. R., St. Louis 
Metropolitan Device Corp., Brooklyn, N. Y. 


Knife 
Electric Controller & Mfg. Co., Cleveland 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Magnetic 

Electric Controller & Mfg. Co., Cleveland 
Ward Leonard Electric Co., Mt. Vernon, N. Y. 


Oil 
Condit Electrical Mfg. Corp., Boston 
General Electric Co., Schenectady 
Roller-Smith Co., New York 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Remote Control 
Automatic Electric, Inc., Chicago 
Condit Electrical Mfg. Corp., Boston 
General Electric Co., Schenectady 
Roller-Smith Co., New York 
Rowan Controller Co., Baltimore, Md. 
Westinghouse Elec. & Mfg. Co.. E. Pitts- 
burgh 


TELEPHONE CONNECTORS 
Kearney Corp., Jas. R., St. Louis 


TELEPHONE & SIGNALING SYSTEMS 
Automatic Electric, Inc., Chicago 


TERMINATORS 2 
Delta-Star Electric Co., Chicago 


TESTING LABORATORIES 
Electrical Testing Labs., New York 


TESTING MACHINES, MATERIAL 
Olsen Testing Machine Co., Tinius, Phila- 
delphia 


TESTING SETS, HIGH VOLTAGE 


American Transformer Co., Newark, N. J. 
General Electric Co., Schenectady 


TOWERS, TRANSMISSION 
American Bridge Co., New York 


TRANSFORMERS 
Allis-Chalmers Mfg. Co., Milwaukee 
American Transformer Co., Newark, N. J. 
Chicago Transformer Corp., Chicago 


TRANSFORMERS—Continued 
Ferranti, Ltd., Hollinwood, England 
Ferranti, Inc., New York 
Ferranti Electric, Ltd., Toronto, Ont. 
General Electric Co., Schenectady 
Kuhlman Electric Co., Bay City, Mich. 
Moloney Electric Co., St. Louis 
Sangamo Electric Company, Springfield, Ill. 
Wagner Electric Corp., St. Louis 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 

Factory 
American Transformer Co., Newark, N. J. 
Kuhlman Electric Co., Bay City, Mich. 
Moloney Electric Co., St. Louis, Mo. 
Wagner Electric Corp., St. Louis 


Furnace 
Allis-Chalmers Mfg. Co., Milwaukee 
American Transformer Co., Newark, N. J. 
Moloney Electric Co., St. Louis 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 

Metering 
American Transformer Co., Newark, N. J. 
Ferranti, Ltd., Hollinwood, England 
Ferranti, Inc., New York 
Ferranti Electric, Ltd., Toronto, Ont. 
Roller-Smith Co., New York 
Sangamo Electric Company, Springfield, Ill. 
Weston Elec. Inst. Corp., Newark, N. J. 


Radio 
American Transformer Co., Newark, N. J. 
Chicago Transformer Corp., Chicago 
Ferranti, Ltd., Hollinwood, England 
Ferranti, Inc., New York 
Ferranti Electric, Ltd., Toronto, Ont. 
Sangamo Electric Company, Springfield, Ill. 


Street Lighting 
Kuhlman Electric Co., Bay City, Mich. 


TROLLEY LINE MATERIALS 
General Electric Co., Schenectady 
Ohio Brass Co., Mansfield, O. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


TURBINE GENERATORS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


TURBINES, HYDRAULIC 
Allis-Chalmers Mfg. Co., Milwaukee 


TURBINES, STEAM 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


TURBO-GENERATORS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


VALVES, BRASS 
Gus, Water, Steam 
Ohio Brass Co., Mansfield, O. 


VARNISHES, INSULATING 
General Electric Co., Bridgeport, Conn. 
Mica Insulator Co., New York 
Minerallac Electric Co., Chicago 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


WELDING MACHINES, ELECTRIC 
American Transformer Co., Newark, N. J. 
General Electric Co., Schenectady 
Ohio Brass Co., Mansfield, O. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


WELDING WIRES & RODS 
Aluminum Co. of America, Pittsburgh 
American Steel & Wire Co., Chicago 
Ohio Brass Co., Mansfield, O. 


WIRES AND CABLES 
Aluminum and A.C. S. R. 
Aluminum Co. of America, Pittsburgh 


Armored Cable 
American Steel & Wire Co., Chicago 
General Electric Co., Schenectady 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 
Western Electric Co., All Principal Cities 


WIRES AND CABLES— Continued 
Asbestos Covered 

American Steel & Wire Co., Chicago 
General Electric Co., Schenectady 
Rockbestos Products Corp., New Haven, 

Conn. 

Asbestos, Varnished Cambric 

Rockbestos Products Corp., New Haven, 

Conn. 

Automotive 

American Steel & Wire Co., Chicago 
General Electric Co., Schenectady 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 
Western Electric Co., All Principal Cities 


Bare Copper 
American Steel & Wire Co., Chicago 
Roebling’s Sons Co., John A., Trenton, N. J. 
Western Electric Co., All Principal Cities 


Copper Clad 
American Steel & Wire Co., Chicago 
Western Electric Co., Ail Principal Cities 


Copperweld 
Copperweld Steel Co., Glassport, Pa. 


e Flexible Cord 

American Steel & Wire Co., Chicago 
General Electric Co., Schenectady 

Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 


Flexible Cord, (Ileater) Asbestos Insulated 
Rockbestos Products Corp., New Haven, 
Conn, 
Heavy Duty Cord 
American Steel & Wire Co., Chicago 
Okonite Company, The, Passaic, N. J. 
Simplex Wire & Cable Co., Boston 
Fuse 
Aluminum Co. of America, Pittsburgh 
American Steel & Wire Co., Chicago 
General Electric Co., Schenectady 
Roebling’s Sons Co., John A., Trenton, N. J. 


Lead Covered (Puper and Varnished Cambric 
Insulated) 

American Stee! & Wire Co., Chicago 

General Electric Co., Schenectady 

Kerite Ins. Wire & Cable Co., New York 

Okonite Company, The, Passaic, N. J. 

Okonite-Callender Cable Co., The, Inc., 
Passaic, N. J. 

Roebling’s Sons Co., John A., Trenton, N. J. 

Simplex Wire & Cable Co., Boston 

Western Electric Co., All Principal Cities 


Leads, Asbestos Insulated 
Rockbestos Products Corp., New Haven, 
Conn. 
Magnet 
Aluminum Co. of America, Pittsburgh 
American Steel & Wire Co., Chicago 
General Electric Co., Schenectady 
Roebling’s Sons Co., John A., Trenton, N. J. 
Western Electric Co., All Principal Cities 


Magnet, Asbestos Insulated 
Rockbestos Products Corp., New Haven, 
Conn. 
Rubber Insulated 
American Steel & Wire Co., Chicago 
General Electric Co., Schenectady 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 
Western Electric Co., All Principal Cities 


Switchboard, Asbestos Insulated 
Rockbestos Products Corp., New Haven, 
Conn. 
Tree Wire 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 


Trolley 
American Steel & Wire Co., Chicago 
Copperweld Steel Co., Glassport, Pa. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Western Electric Co., All Principal Cities 


Weather proof 
American Steel & Wire Co., Chicago 
Copperweld Steel Co., Glassport, Pa. 
General Electric Co., Schenectady 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling:s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 
Western Electric Co., All Principal Cities 
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TESTS 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


RESEARCH 


Testing purchased material places buying on a sound basis. 


@) It determines the quality of comipeting samples and this enables the purchase 
of the best quality for the money. 


(2) Itinsures that shipments comply with specifications and assures the customer 
that shipments match samples. 

(3) It furnishes impartial evidence in cases of disputes between purchaser and 
manufacturer. 


ELECTRICAL TESTING LABORATORIES, 80th St. and East End Ave., New York 
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“CODDERWELD” Ground Rods 
Are 
A Proven Standard 


Every Copperweld ground 
rod is a rigid, one-piece rod, 
pointed, ready for driving 
with a light hammer. 


It is rigid because of the 
electric furnace steel core. 
It is non-rusting because the 
heavy copper exterior is 
molten-welded to the steel 
core. 


The Copperweld grounding 
clamp is quickly and easily 
installed. 
mendous pressure on_ the 


It maintains a tre- 


copper-to-copper connection 
between the grounding wire 
and the Copperweld rod. 


Copperweld Steel Company 


Glassport, Penna. 
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The Nation’s Technical 
Employment Market 


IS BROUGHT TO YOUR DOOR 
through the Engineering Societies 
Employment Service. 


TUTTTTTTTTTULTUTECCLUTTTTTTLLLLLLLLOGGLee EL 


You do not have to take the ‘“‘best 
you could get” from a limited local 
market. 


You can procure the right man for 
the job by availing yourself of the 
service and resources that are 
proffered without cost to you. Send ° 
your requirements to , 


THE ENGINEERING SOCIETIES 
EMPLOYMENT SERVICE 


WALTER V. BROWN, Manager 


31 West 39th Street, ‘New York City 
Tel. Penn. 9220 


PTT TTT LLCGeeLLeCcGLLLLLOGeLULLGGE CLL LGco LLU 


Chicago Office: San Francisco Office: 
205 W. Wacker Drive 57 Post Street 
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If you use or specify 


Flameproof 


Wire 


—don’t say 
Flameproof 
if you mean 


Heatproof 


CE is “‘flameproof’’ according to the generally accepted 
definition. It won't burn. But it won't last long at 
temperatures above 32° F. Likewise a “‘flameproof”’ 

wire is not necessarily heatproof. But a real heatproof 
insulated wire is inherently flameproof. 


And a heatproof wire is usually required for most ap- 
plications where it has been the custom to specify ‘‘flame- 
proof’’—in rheostats, power feeders, switchboards, etc. 


The use of the word ‘‘flameproof’”’ is a hand-me-down 
from times when there were no really heat-proof wires. 


But these are now available. They have been made 
possible by the development of the ROCKBESTOS PRO- 
CESS by which asbestos, the basic heatproof material, can 
be applied to wires and cables of any material and strand- 
ing and even to flexible hose for carrying air and liquids. 


The felted asbestos walls produced by this process are 
permanently fireproof, will not deteriorate in any way, 
even under constantly applied temperatures up to 400° F. 
and are especially moistureproof impregnated. In combin- 
ation with varnished cambric they are unaffected by any 
conduit condition from moisture to 250° F. and when 
surmounted by a lead sheath, the resultant cable will stay 
in service without deterioration or failure under conditions 
ranging from complete submersion to constant temper- 
atures up to 250° F.—a real, trouble-free cable. 


Let us send you a set of samples and data. Use the 
convenient coupon or write: 


ROCKBESTOS eel eel 


Ce OFn rr © apr ee eer 
386 NICOLL ST. NEW ae ane 


Yes, please send me at no obligation, the samples and 
data you mention. 


Company 
Address 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


Ward Leonard Relay Mount- 
ed im Pressed Steel Box 
Provided with Mounting Holes 
and for Conduit Connections. 


4 Sra N 


AND THEN ADD-=- 


bes selecting equipment to meet the requirements 
of automatic or remote control problems, the 
critical buyer demands relays which will ““more 
than do the job.’’ Often satisfactory perform- 
ance over a period of years depends just as 
much upon details of construction as upon cor- 
rect basic design. And to Ward Leonard, the 
manufacture of relays is much more than a 


matter of efficient basic design. 


Perfection of detail is the added factor in 
Ward Leonard relays. Listed among the 14 
standard features in Bulletin 81,000 are the fine 
points of design and construction which satisfy 
every requirement of the critical buyer. 


Send for a copy of this bulletin today. It describes in 
detail Ward Leonard Magnetic Relays for A. C. and D. C., methods 
of mounting, and methods of control. 


WARD LEONARD ELECTRIC CO., xirw vor 


DARD FEATURES 
ECONOMY 


Specially Designed Coils Used 
in All Ward Leonard Relays 
Keep Watts Loss to a Mini- 
mum, thereby Conserving 
Valuable Power. Below:— 
Ward Leonard Relay Mounted 
on Cast Aluminum Base with 
Cast Aluminum Cover. 


WARD LEONARD MAGNETIC RELAYS 
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THE UNSEEN 


CO WR | Epes 


ORs Aleieiee seb OuK EON WORD 


THE FAMILIAR TELEPHONE that stands upon your 
desk at the office or in your home is only a very 
small part of the great communication system that 
enables you to talk across the miles with such 


surprising ease. 

Behind it are complicated exchanges, a care- 
fully trained organization of more than four hun- 
dred thousand men and women and eighty million 
miles of wire. These are the forces that make 
efficient telephone service possible. These are the 
unseen couriers of the spoken word. 


Tirelessly, day or night, without rest or sleep, 
the Bell System awaits but the lifting of the re- 
ceiver to carry your voice to any one of thirty-two 
million other telephone users in this country and 
abroad, and on ships at sea. It is done so quickly 
and with so little trouble that few people stop to 

consider what goes on between the giving of the 
number and the completion of the call. 


Some time every day—perhaps many times a day 
—you use some part of a telephone system that has 
taken fifty years and more than four thousand 
million dollars to build. 

The simple words “long distance,’’ which you 
speak so casually into your telephone, place 
millions of dollars of equipment at your dis- 
posal. Yet the cost of a call from New York to 
Chicago is only three dollars and but a fraction 
of that for lesser distances. 


Equipment of comparable cost is also needed to 
connect your home with the thousands or hundreds 
of thousands of other telephones in your town or 
city. Yet the charge for local service is only a 
few cents a day. 

In relation to service rendered, the cost of the 
telephone is one of the smallest items in the monthly 
business and family budget. Few things purchased 
are of such real, constant and increasing value. 


*k AMERICAN TELEPHONE AND TELEGRAPH COMPANY x 
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Why tolerate high ground resistance when 
low ground resistance is readily obtained 


by using 


MURRAY Copper Tube Ground Rods? 


Figures given here have been taken from 
actual field tests of customers: 


Before treating 


1275 ohms 
1500 ohms 
125 ohms 
1150 ohms 
575 ohms 


Dependable low resistance driven grounds in 
practically any soil are provided at lowest cost 
by the Murray Copper Tube Ground Rod. 


No ground can be considered adequate until 
verified by test. Soil resistances vary over a 
wide range in different areas. Identical ground 
electrodes when separated only a few yards 
are liable to have a noticeable difference in 
resistance. 


Because of this variation it is imperative 
that all ground resistances be 
measured upon the installation 
of the ground rod and the 
regular measurements of this 
resistance be made thereafter. ROD 


\ 


The Murray Copper Tube 


\ 
\\ 


Ground Rod is distinctive in ee 
that it alone has the feature of ee 
We Ve Se Ca Zz wi 
ee vo Va), 
if 
MURRAY yyy 
ay oa 
COPPER-TUBE HH 
| 


ee 


* GROUND RODS Bay 


\\ 


— 


After treating 


110 ohms 
275 ohms 

35 ohms 
210 ohms 
135 ohms 


regulating the ground resistance of the soil to 
values suitable or desirable to certain operating 
conditions. 


Our method is a straight-forward, simple 
and positive one. 


To treat the soil around a Murray Copper 
Tube Ground Rod, a copper sulphate or other 
solution is poured into the ground rod, which, 
through 14 in. holes in the tube is dissipated 
into the soil surrounding the tube. Treating 
solutions are evenly dis- 
tributed the entire depth of 
the tubing. 

Kight page booklet on re- 


quest. Why not make a trial 
installation and satisfy your- 


se self that this is the best 
=. grounding system obtainable? 
\\\ Oe 2 ER ’ 
A SOC 
KX) REGULATE 
NEN ee \t 
\\\\\\) YOUR GROUND 


|)! RESISTANCE 


METROPOLITAN DEVICE CORPORATION 


1250 ATLANTIC AVE., BROOKLYN, N. Y. 
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THE OKONITE COMPANY 


ANNOUNCES 


OKOSHEATH 


A non-metallic, sheathed cable 


Okosheath Cable has features never before 
combined in any underground cable. Simple 
as a pencil—your linemen can splice it. 
Its simplicity, light weight, flexibility, toughness, 
waterproofness, and resistance to the chemi- 
cals in soil or conduit make it of vital interest 


to all operating men. 


This uniquely designed cable fits directly into 


present day power problems. It affords 
economies and ease of installation in sec- 
Ondary networks and other low voltage 
distribution uses. 


THE OKONITE COMPANY 


Founded 1878 


THE OKONITE-CALLENDER CABLE COMPANY, INC. 
Factories: Passaic, N. J. Paterson, N. J. 


SALES OFFICES: WO) 
NEW YORK — CHICAGO PHILADELPHIA —- PITTSBURGH 
ST. LOUIS BOSTON ATLANTA SAN FRANCISCO 


ONLY 2 PARTS 


LOS ANGELES SEATTLE DALLAS 
Novelty Electric Co. F. D. Lawrence Electric Co. 
c Philadelphia, Pa. inci Oe 
1.—The One-Piece o RES oe acti Pee 
Canadian Representatives: Engineering Materials, Limited, 
Sheath Montreal 


Cuban Representatives: Victor G. Mendoza Co., Havana 


2.— The Conductor 
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The remarkably large scale ‘ ay LZ" 
opening enclosed with non- i ZZ EZzz=- 
shatterable glass makes it easy to 
read Jewell Master Instruments. 


The Style L Dynamometer move- 
ment is mounted in a dust-tight, 
bakelite case with resistances ina 


LZEEZ- SN eg isha 
| i separate ventilated compartment. 


The. STYLE L MOVEMENT 


in Master PortableWattmeters 


is a triumph of instrument design 


MASTER 


Pattern 170— 


Pattern 171— 


Pattern 172— 


Pattern 173— 


INSTRUMENTS 


Current Transformer 
D.C. Voltmeter or Ammeter 
A. C.Voltmeter or Ammeter 


Single Phase Wattmeter 


Tucked away in the case of the Jewell 
Master Portable Wattmeter is the Jewell 
Style L Dynamometer Movement, recog- 
nized universally as a triumph of instru- 
ment design! 


It is easy to become enthusiastic about 
the Jewell Dynamometer Movement. This 
sensitive, but amazingly rugged unit has 
made possible single and polyphase watt- 
meters that maintain their high accuracy in 


There are many unusual refinements, such 
as the extensive use of molded bakelite for 
fan boxes, supporting pillars, coil supports, 
and covers. Magnetic shields prevent ex- 
ternal fields from affecting the instrument. 
The moving element with its double 
aluminum! damper fans is “dead beat.” 


An important feature of all Master Port- 
able Instruments is the wide scale opening, 
covered with non-shatterable glass; and the 


ata Ade spite of the hard treatment which: they attractive bakelite cases that withstand wear 
Oa ence receive in portable testing service. and tear better than the best mahogany. 
Pattern 175— 
\ Polyphase Wattmeter Write for the Jewell Master Instrument Catalog today. 
5, Pattern 176— y 


Thermal Voltmeter 


Jewell Electrical Tyftrument Co., 1650 Walnut Street, Chicago, III. 
31 YEARS MAKING GOOD INSTRUMENTS 


LEATHER CARRYING CASES 


The uniform dimensions of Master Portable 
Instruments make for utmost convenience. 
Sole leather carrying cases can be furnished 
with 1,2, 3 and 4 instrument compartments. 


The magnetic shield ex- 
cludes interference from 
stray magnetic fields. 


The series coils are wound in two sec- 
tions to provide double current ranges. 


